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PREFACE

The study reported herein was authorized as a part of the Civil Works Re-
search and Development Program by the Office, Chief of Engineers (OCE), US Army.
This particular work unit, Erosion Control of Scour During Construction, is
part of the Improvement of Operations and Maintenance Techniques (IOMT) Pro-
gram. Mr. James L. Gottesman was the OCE Technical Monitor for the IOMT Pro-
gram during preparation and publication of this report.

This study was conducted during the period 1 January 1981 through
31 March 1982 by personnel of the Hydraulics Laboratory of the US Army Engi-
neer Waterways Experiment Station (WES) under the general supervision of
Messrs. H. B. Simmons, Chief of the Hydraulics Laboratory; F. A. Herrmann, Jr.,
Assistant Chief of the Hydraulics Laboratory; R. A. Sager, Chief of the Estu-
aries Division and IOMT Program Manager; Dr. R. W. Whalin and Mr. C. E. Chatham,
former and acting Chiefs of the Wave Dynamics Division, respectively; Mr. D. D.
Davidson, Chief of the Wave Research Branch; and Dr. J. R. Houston, Research
Hydraulic Engineer and Principal Investigator for the Erosion Control of Scour
During Construction work unit. The Wave Dynamics Division was transferred to
the Coastal Engineering Research Center (CERC) of the WES on 1 July 1983 under
the direction of Dr. Whalin, Chief of the Coastal Engineering Research Center.
Computer programming for this study was performed by Ms. L. Chou, Mathemati-
cian. This report was prepared by Dr. Houston and Ms. Chou.

Commanders and Directors of WES during the conduct of this investigation
and the preparation and publication of this report were COL Nelson P. Conover,

CE, and COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 metres

feet per second 0.3048 metres per second

feet-feet per second 0.0929 metres-metres per second
feet per second per second 0.3048 metres per second per second
inches 25.5 millimetres

square feet 0.09290304 square metres
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EROSION CONTROL OF SCOUR DURING CONSTRUCTION

FINITE--A NUMERICAL MODEL FOR COMBINED
REFRACTION AND DIFFRACTION OF WAVES

PART I: INTRODUCTION

Statement of the Problem

i

1. It is frequently necessary to construct large engineering works of

improvement in the surf and nearshore zoqs to protect harbor entrances, recrea-~
tional beaches, and navigation channels.p These structures, usually built from
quarried rock or precast concrete, ‘are placed in position by crane or barge.
When these major structures are erected in the coastal zone they alter the ex-
isting currents. Shallow-water surface gravity waves breaking on the new
structure will cause bottom material to be suspendeq ;:gipransported from the
region by longshore or other currents that may exist. Th1s removal of material
is often not compensated by an influx of additional mater1a1“~and}the result

is a scour hole, or erosion, that usually develops along the toe of the
structure. — :'-""f -

2. In order to ensure structural stability and functional adequacy of
the works of improvement, any scour area must be filled with nonerodible mate-
rial (sufficiently stable to withstand the environmental forces to which it
will be subjected). This may result in additional quantities of material
being required during construction that can potentially lead to substantial
cost overruns. To minimize potential cost increases due to scour during con-
struction, it is necessarv to quantify the probability and ultimate extent of
potential scour during the scheduled construction period. This is an ex-
tremely complex problem and quantification of the probability of potential
scour will likely be site-specific.

3. Since waves and wave-induced currents play an important role in pro-
ducing scour near structures, it is important to predict the wave field in the
vicinity of structures. Structures of interest may have complex shapes and

the surrounding bathymetry mav be very complex. Both long- and short-period

waves mayv attack the structure from many different angles.

/
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Purpose of the Study

4. The purpose of this study is to develop a numerical model that can

determine wave fields near arbitrary structures in a region of arbitrary and

variable bathymetry. The model must be capable of simulating both long and
short waves approaching structures from any arbitrary direction. In addition,

the model must be sufficiently efficient to allow application to real coastal
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PART II: NUMERICAL MODEL (FINITE) “eo
Background :',};:

5. Short waves have wavelengths that are sufficiently short (wavelength
to depth ratio less than approximately 20) that propagation speeds are a func-
tion of wave frequency. In the nearshore region, short waves with periods

from a few seconds to approximately 20 sec play an important role in the move-

ment of sediment and the stability of coastal structures.
6. Equations that govern long-wave propagation over variable depths have
been known for some time (Lamb 1932). However, for shorter period waves where

frequency dispersion is important, the theory has included only constant

depths. Attempts have been made (Pierson 1951; Eckart 1952) to develop a two- ®
dimensional equation for combined refraction and diffraction that would govern .
short-wave propagation in a region of variable depth; however, the equations S
developed do not reduce to the appropriate simple refraction equation after if»’?
neglecting the curvature of the amplitude function and they also do not reduce @

to the linear long-wave equation in the case of small water depth. In recent

vears, Boussinesq-type equations also have been used to study the propagation

of short-period waves. These equations include terms that govern both fre- E,i;j}
quency dispersion and nonlinearity. Two-dimensional modeling of these equa- -
tions is difficult since the frequency dispersion term is third order, there-
fore requiring a third-order accurate numerical scheme. Abbott, Petersen, and
Skovgaard (1978) have presented a time-marching, two-dimensional, finite dif-

ference numerical model with a third-order accurate implicit solution scheme.

However, a time-marching scheme requires significant computational time. In
addition, the finite difference method does not realistically model a complex
land-water interface as a result of the stair-step representation and has dif-
ficulties in allowing scattered waves to propagate out of a finite extent grid, ®
since these scattered waves are not known a priori.

7. Berkhoff (1972) and Schonfeld (1972) have derived a two-dimensional
wave equation that governs short-wave propagation over moderately varying 1.;;-;
depths. Smith and Sprinks (1975) gave a formal derivation of this equation. ;' 1
In the present study, a hybrid finite element model (FINITE) is used to solve
this wave equation. The method combines a finite element solution over a

finite extent region of variable depth with an analytical solution for a
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surrounding infinite region of constant depth.

Wave Equation

9. The propagation of periodic, small amplitude, surface gravity waves
over a variable depth seabed of mild slope is governed by the following
equation.

‘g 2
V*(cch¢)+-c-8w¢=0 (1)
where

V = horizontal gradient operator, dimensionless

¢ = phase velocity, ft/sec® = (g/k tanh kh)l/2
g = gravitational constant, 32.174 ft/sec2

k = wave number, 2n/L, 1/ft

h = still-water depth, ft

¢ = group velocity, ft/sec = 1/2 c(1 + G)

g = 2k h/sinh 2kh, ft/sec

¢ = velocity potential defined by u = V¢ R ft2/sec
u = two-dimensional velocity vector, ft/sec

w = angular frequency, 2n/T , 1/sec

10. Equation 1 was derived by Berkhoff (1972) and Schonfeld (1972) and
is discussed in detail by Jonsson and Brink-Kjaer (1973). This equation gov-
erns both refraction and diffraction. It reduces to the well-known "eikonal"
equation governing refraction by neglect of the variation of the amplitude
function in the horizontal plane. The equation reduces to the diffraction
Helmholtz equation in deep or constant-depth water and to the linear long-wave
equation in shallow water.

11. Finite element numerical models have been used to solve Equation 1.

Berkhoff (1972, 1976) linked a finite element solution of Equation 1 over a
variable depth region to a source distribution for a constant-depth outer
region. However, as noted by Chen and Mei (1974), Berkhoff (1972) did not use
a proper functional with the consequence that his global stiffness matrix was
nonsymmetric and thus inconvenient numerically for all but the simplest prob-

lems. Bettess and Zienkiewicz (1977) also developed a finite element solution

A table of factors for converting US customary units of measurements to
metric (SI) units is presented on page 3.
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of Equation 1. However, they used infinite elements to cover the constant-
depth outer region. The shape function used in the infinite elements had an
exponentially decreasing term in the direction away from the inner region.

The choice of a decay length was somewhat arbitrary; but the solutions were
not, in general, too sensitive to the exact value. A disadvantage of this
technique is that the infinite elements increase the number of equations to be
solved. 1If a problem requires a large number of elements because the region
of interest is large and the incident wavelengths are short, this solution can
require substantial computational time.

12. Equation 1 also has been solved by a parabolic approximation (Radder
1979). The approximation is derived from splitting the wave field into trans-
mitted and reflected components and then neglecting the reflected components.
This approach is applicable to some propagation problems but is not appropri-
ate for problems involving wave interaction with coastal structures such as

breakwaters.

Finite Element Solution

13. Equation 1 is solved by program FINITE using a hybrid finite element
method originally developed by Chen and Mei (1974) to solve the diffraction
Helmholtz equation in a constant-depth region. Space is divided into two re-
gions as shown in Figure 1 (finite inner region A and infinite outer re-
gion B). Conventional finite elements are used in the variable depth re-
gion A . A single superelement is used to cover the constant-depth infinite
region B . Variational principles are used that incorporate the matching con-
ditions between the regular elements and the superelement as natural condi-
tions. Thus a symmetric global stiffness matrix is obtained that is very ad-
vantageous for highly complex problems.

14. The variational principle for the boundary value problem requires
that the following functional be stationary with respect to arbitrary first

variation of the velocity potential ¢
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Figure 1. Regions of computation
where ¢)I and | ¢R are the incident and reflected wave velocity potentials,
respectively; n is a unit normal; and the last two integrals are line inte-

grals at infinity. Analogous to the derivation of Chen and Mei (1974), this

functional can be rewritten as follows:

1 |cc 2 wzc 2 1 €€ 3(¢B - ¢I)
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where ¢B and ¢A are the velocity potentials in regions B and A, re-
spectively, and n, is a unit normal to the boundary separating regions B
and A

15. Note that all integrals are evaluated within region A or along
9A . Thus the variational principle is a 'ncalized one. As discussed by
Aranha, Mei, and Yue (1979), this variational principle can be replaced by an
equivalent weak formulation.

16. The inner region A is assumed to have a variable depth and to be

of finite extent. This region is subdivided into finite elements. Here the
elements are triangular with simple linear shape functions. The infinite
region B (or semi-infinite if a harbor located along an infinite coastline
! is of concern) is assumed to have a constant depth and is covered with a

': single superelement. Since region B has a constant depth, the governing
. equation is the diffraction Helmholtz equation. An analytical solution for
. the velocity potential in region B is well known and can be expressed as

follows:

®
0p = n};o H (kr)(a cos n® + B_ sin n®) (4)

where a and Bn are constant and unknown coefficients, Hn(kr) is Hankel .

function of the first kind, and r and © are radial and angular variables ®

in polar coordinates. For a semi-infinite region B and a straight infinite

coastline, ¢B can be expressed as follows:

®
¢B = nzz:o (ann(kr) cos n® (5) _. -
The velocity potentials given in Equations 4 and 5 satisfy the Sommerfeld
radiation condition that the scattered waves must behave as outgoing waves at
infinity. Thus region B can be considered to be a single superelement with
shape function given by Equations 4 and 5.
17. 1f the shape functions are used to evaluate the integrals of Equa-
tion 3 and the functional is extremized with respect to the unknowns, a set of
linear algebraic equations is obtained. Of course, the infinite series given
by Equations 4 and 5 must be truncated at some finite extent. The number of
terms that must be retained depends upon the incident wavelength and may be

found by increasing the number of terms until the solution is insensitive to

10
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the addition of further terms. Solution of the boundary value problem thus

reduces to the solution of N linear algebraic equations for N unknowns

(vhere N 1is the number of node points in the finite element discretization

plus the number of unknowns in the truncated series). That is, .1.5?
® |

K] {¥} = {Q} (6) ]

NxN Nx1 Nx1 -

The symmetric complex coefficient matrix [K] is in general large, sparse, _
and banded. It can be stored and manipulated in the computer in a packed form ;A .
(Chen and Mei 1974). The packed form is chosen to be a rectangular array (N
variables in length and the semibandwidth in width). Only elements of [K]

on and above the diagonal and within the band width need to be stored in the

PR
. . e
afe vt a s a

packed form. e
18. Although the packed form of [K] greatly reduces the required com-
puter memory, the problems discussed later are so large that even memory re-

quirements of the packed form of [K] are excessive. However, since the sym-

metric coefficient matrix is positive definite, a solution is possible by T
elimination methods without pivoting. Without pivoting, elimination performed i;:e
using one row affects only the triangle of elements within the band below that -iigﬁ
row. Thus the packed form of [K] «can be partitioned into several smaller ;E;T;
blocks. Using Gaussian elimination, only two blocks at a time are involved in E:i:

the reduction and back substitution with the remainder of the blocks kept in
peripheral storage. This technique allows the solution of extremely large

matrices.

Verification

19. To verify this numerical model, comparisons were made between the
finite element calculations and both an analytical and a numerical solution o
for the interaction of waves with a circular island on a paraboloidal shoal.
Figure 2 is a sketch of the problem. Hom-ma (1950) presented the analytical

solution to the long-wave equation for plane waves incident upon this island.

20. Many investigators, including Berkhoff (1972, 1976) and Bettess
and Zienkiewicz (1977), have compared their finite element solutions of the
long-wave equation with Hom-ma's solution. For example, Berkhoff (1972, 1976)

used 156 elements to cover the paraboloidal shoal (actually one-half of the

11
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Figure 2. Circular island on a paraboloidal shoal

shoal since by symmetry the solution required calculations for just one-half
of the shoal). This number of elements was not sufficient to adequately re-
solve features of the problem; consequently, Berkhoff's finite element solu-
tion differed from Hom-ma's analytical solution by as much as 70 percent at
one location. Since Berkhoff did not attempt to use a finer grid, it is
likely that his coarse grid required a moderate computational time. The

model described in this paper would require less than 0.1 sec of computa-

tional time on a CRAY-1 computer to solve Equation 6 using Berkhoff's grid. o
Bettess and Zienkiewicz (1977) also used a fairly coarse grid similar to ji}:;j
Berkhoff's grid. . :ﬂ:f

21. Lautenbacher (1970) used an integral equation solution to solve the o
long-wave equation for waves interacting with a circular island on a shoal - ﬁ;:ﬁ
with linear side slopes. He used a coarse circular mesh grid with only :

130 points. Because the resulting coefficient matrix was full, the computa-

tional time required for a solution was 60 min on an IBM 7094 computer.
22. Figure 3 shows a finite element grid with 2,640 elements used by
the model described in this report to solve the problem of the interaction of

long waves with a circular island on a paraboloidal shoal (by symmetry only

12
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Figure 3. Finite element grid for paraboloidal island
(2,640 elements)

1 half the shoal needs to be considered). Figure 4 shows comparisons between

Hom-ma's analytical solution and the finite element model solution for incident

with five different periods. The agreement is excellent with only slight

differences for the 240-sec waves (resulting from lower resolution of the inci-
dent wave for shorter period waves). The computational time for solution is

approximately 4 sec on a CRAY-1 computer.

ANALYTICAL SOLUTION T=240 SEC
© 0 O FINITE ELEMENT SOLUTION
4/0 SEC
480 SEC
720 SEC

0 15 30 a5 €0 75 90 105 120 135 150 185 180
AZIMUTH, DEGREES

Figure 4. Solutions without dispersion (2,640 element grid)
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23. Jonsson, Skovgaard, and Brink-Kjaer (1976) show that for a wave
with a 240-sec period interacting with the circular island on a paraboloidal
shoal the effect of frequency dispersion is not particularly significant. The
ratio of wavelength to water depth for this case is approximately 11. However,
for a 120-sec incident wave (wavelength to water depth ratio of less than 5),
frequency dispersion is quite significant. In order to maintain a resolution
of a 120-sec wave that is approximately equal to that obtained for the 240-sec
wave using the 2,640-element grid, it is necessary to reduce element side
lengths by a factor of approximately 2. This reduction results in a quadru-
pling of the number of elements. Figure 5 shows a finite element grid with
10,560 elements used to calculate the interaction of a 120-sec wave with the

island.
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Figure 5. Finite element grid for paraboloidal island
(10,560 elements)

24. Figure 6 shows a comparison between the analytical solution of the
long-wave equation by Hom-ma (1950) and the finite element solution (grid of
Figure 5) for a 120-sec incident wave. Figure 7 also shows a comparison be-
tween a numerical solution of Equation 1 using an orthogonal collocation solu-
tion and the finite element model solution of this report. In both cases
there is excellent agreement. The effect of frequency dispersion is quite sig-
nificant as shown in Figure 8, where the solutions of the long-wave equation
and Equation 1 are overlapped. 1In fact, the inclusion of frequency dispersion
is much more significant a factor than is resolution of the wave form for this
particular case. For example, Figure 9 shows a solution including dispersion

using the 2,640-element grid. The agreement between the finite element and

14
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collocation sclutions is much better using the 2,640-element grid and including
dispersion than is obtained using the 10,560-element grid without dispersion.

25. The computational time requirement to solve a problem using the
10,560  element grid is less than 1 min on a CRAY-1. This is extremely modest
constdering the very large size of this finite element grid. The computa-
tional time of the model is proportional to the number of nodes times the
bandwidth of the coefficient matrix squared. This grid has more than 50 times
the numher of nodes contained in the grid used by Berkhoff (1972, 1976) and a
bandwidti approximately 3.3 times greater. Thus the computational time re-
quirement :s aimost 600 times greater for this grid than for Berkhoff's grid.
The computer memory requirements also are very modest as a result of the parti-
tiening of the coefticient matrix. Although the packed form of the coefficient
mitrizx had approximately 1.7 million terms for this problem, only 45,000 terms
were 1nocentral memory at anv given time with the remainder in peripheral

storage.
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Comparison with Three-Dimensional Numerical Model

26. Equation 1 was derived assuming that the bathymetry was slowly varv-
ing. This mild slope approximation is valid for the slow bathymetric varia-

tions of the paraboloidal shoal shown in Figure 2. However, the approximation

is not appropriate for many practical problems involvirg the interaction of _ ]
waves with man-made structures. For these problems, it is necessary to use a

fully three-dimensional model such as the hybrid three-dimensional finite ele-

ment developed by Yue, Chen, and Mei (1976). Of course, a three-dimensional °
model requires substantial computational time. Therefcre it is of interest to ) 1
consider how well a two-dimensicnal mild-slope model compares with a three- :‘.'._'.:_'.:
dimensional model for a problem where the mild-slope approximation 1s strongly _:
violated. e ]
| J .4

27. Yue, Chen, and Mei (1976) used a three-dimensional model to con-
sider the interaction of small amplitude plane waves with an elliptic 1sland

on a circular base. Figure 10 illustrates the problem and shows the finite
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Figure 10. Elliptic island and three-dimensional grid

element grid used by Yue, Chen, and Mei (1976). Bottom side slopes vary from
1V on 1H to 1V on 2H and violate the mild-slope assumption.

28. Figure 11 shows the two-dimensional finite element grid used by the
model described in this report to simulate the interaction of small amplitude
plane waves with the elliptic island. Figures 12 and 13 show the interaction
of waves (koa = 1 and two incident directions) with the elliptical island.
The amplification factors and phases around the elliptical island calculated

by the three-dimensional model of Yue, Chen, and Mei (1976) and the
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Figure 11. Finite element grid for elliptical island

two-dimensional model described in this report are shown. The maximum differ-
ence in amplification factors is not much greater than 10 percent. Similar
agreement was found for greater values of koa

29. Although the two-dimensional model cannot perfectly reproduce the
three-dimensional model results, the difference may be within the accuracy
requirements of many engineering applications. Of course, the computational
requirements of the two-dimensional model are very modest compared with the re-
quirements of the three-dimensional model. For the problem of waves interact-
ing with the elliptical island, the three-dimensional model required 2.6 min

of computational time on an IBM 370/168 computer for each wave period. The
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two-dimensional model required less than 2 sec of computational time on a
CRAY-1 computer. Part of the difference in computational time is a conse-
quence of the unknown relative speeds of the two computers.

30. The difference in computational time of the two- and three-
dimensional models becomes more significant for larger problems. For example,
Yue, Chen, and Mei (1976) estimate that approximately 6 hr of computational
time on an IBM 370/168 computer would be necessary to calculate the interac-
tion of a wave with a period of 8.5 sec or greater with a particular offshore
harbor. If a resolution of 10 grid points per wavelength is maintained, the
two-dimensional model would require an estimated computational time of only

0.5 to 1 min to perform the same calculation on a CRAY-1 computer.

Comparison with Laboratory Experiments

31. Putnam and Arthur (1948) performed the pioneering laboratory experi-
ments that considered diffracted waves in the lee of an impermeable breakwater
located in constant-depth water. Mobarek (1962) performed similar experiments
except that a linear bottom slope was used in the lee of the breakwater and a
very small model (72 ftz) was used. In order to study the phenomenon of com-
bined refraction and diffraction near structures, laboratory experiments were
performed by Hales (1980). 1In these experiments an impermeable breakwater was
located perpendicular to a straight coastline. A linear bottom slope extended
from some distance in front of the breakwater to the shoreline.

32. The laboratory facility used in these tests covered an area of ap-

proximately 2,500 ftz. The breakwater was 15 ft long and 1 in. thick. The

water depth in the facility decreased from 1.0 ft to 0.0 ft over a distance of

e
2o gy

20 ft. The sidewalls that laterally bounded the facility were curved to fol-

o
Py

low wave orthogonals. A plunger-type wave maker was used to generate small
amplitude sinusoidal waves that approached the breakwater at an angle. An g p
array of 32 parallel-wire, resistance-type sensors was used to measure the
waves. The gages were supported by a large stand so that only the measuring
wires of the gages were in the water (i.e., the gages did not require indi-
vidual feet for support). Information was recorded and analyzed by a
minicomputer.

33. One problem in simulating these laboratory tests numerically is that

the waves break in the hydraulic model near the shoreline and thus dissipate
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their energy. There is no mechanism to dissipate energy in the numerical model
described in this paper. However, dissipation can be simulated by allowing
waves to continue to propagate out of the problem area. Figure 14 illustrates
schematically how this is done. The breakwater and the linear slope are

numerically modeled only to the point where breaking occurs. The depth is

/A\/NC/DE/VT WAVE i‘-M[MER ENEN

j i \
/ I “
1 i 1

775 /7 4 Lz 7777 "7 U "7

Figure 14. Wave interaction with impermeable breakwater

then increased to the depth of the semi-infinite region surrounding the inner
region and the waves are allowed to radiate away from the inner region. Fig-
ure 15 shows the finite element grid used for this simulation.

34. Figure 16 shows a typical comparison between the laboratory mea-
surements and the finite element calculations. Also shown is a uniformly
valid asymptotic solution derived recently by Liu and Lozano (1979). The
solution derived by Liu and Lozano (1979) is in excellent agreement with the
laboratory tests. The finite element calculations agree quite well in the
shadow zone with the laboratory tests. The agreement is not as good outside
the shadow zone. The difference probably is attributable to the artificial
increase in depth to allow the waves to radiate from the inner region. This

depth transition would cause some energy to reflect back into the inner region.
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and procedures

model solution
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PART III: INPUT DATA PREPARATION FOR
FINITE ELEMENT SOLUTION

following example problem is presented to demonstrate the steps
for preparing a finite element grid to be used for the numerical

of combined refraction and diffraction. This example outlines

the methodology for 'data manipulation on the computer facilities at the US Army

Engineer Waterways Experiment Station (WES).

Data Preparation for Computer Plotting

36. Assume it has been determined that an area of interest such as out-

lined in Figure 17 is required to be digitized for computer processing of the

hybrid finite element model. The

o 4 initial determinations after the over-
//l”/:; a“ as | 46 all region has been delineated include
‘o '} a2 an orientation so that the elements of
; » Is 9 the grid can be numbered in continuous
L_ M » * , fashion. Also, the nodes of the ele-
2 in ments should be numbered in a continu-
an 29| 230 32 ous fashion (counterclockwise). The x
2s - P23 and y coordinates of each node of the
20 23 ' elements are digitized in continuous
19 2| 22 24 fashion and recorded for verification
- '8 later. If the program CONVER is used
3 for converting the measurement of digi-
' '8 tized x and y coordinates to proto-
" LM 16 type units, it is necessary that all x
o 10 and y values be positive. When the
‘4 7 grid has been digitized on magnetic
3 $| € 8 tape, the tape is assigned a number for
] 2 relocation later.
37. To convert the digitized
Figure 17. Example problem for ASCII tape to BCD tape, run program
demonstrating the preptIon pron (Figure 19). The steps for per-
finite model forming such an operation include:
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Sign on DPS1 Honeywell System at WES. The telephone numbers
for both 300 Baud and 1200 Baud are 2162, 2171, 3561, and 3571.

Type in

OLD ROHH314/DIG1,R
CLEAR

SAVE DIG1

Type in
EDIT
The system will respond with a "-",

Type in "PS:/IDENT/" after the "-".

The system will search and print the line containing the char-
acter string "ident" as:
205 :IDENT:USERID,USERNAME

Type in

RVS: /USERID,USERNAME/:/YOUR USER ID, YOUR NAME/

The system will replace the old user's ID and user’'s NAME by
the new user's ID and NAME, as desired.

Type in
PS:/720/
The system will respond with
720$TAPE9:01,X1D, ,TAPENO, ,ASCII TAPE NAME, ,DENS

Type in

RVS: /TAPENO, ,ASCII1 TAPE NAME, ,DEN8/:/ACTUAL TAPE NO,,ACTUAL
ASCII TAPE NAME, ,DENSITY OF THE TAPE/
where TAPENO has been previously assigned to the digitized
magnetic tape. ASCII TAPE NAME can be (1-8) arbitrary
alpha-numeric characters. Parameter DEN8 specified 800
density while DEN16 indicates 1600 density.

Type in

PS:/740/

The system will respond with
7405:TAPE9:03,X3D,,, ,BCD TAPE NAME

Type in —-——-1

RVS:/BCD TAPE NAME/:/ACTUAL BCD TAPE NAME/ ". v
Type in RS
PS:/750/ IDAENA
The system will respond with S

750$:M5G2:save 03,USER NAME,USERID,BCD TAPE NAME

Type in

RVS:/USER NAME,USERID,BCD TAPE NAME/:/YOUR NAME,YOUR ID,ACTUAL
BCD TAPE NAME/
(Note: BCD TAPE NAME should be the same name as that used
in Line 740.)

Type in

RESAVE DIG1

The system will respond with

DATA SAVED - DIGI
End of file
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Type in
DONE

The system will respond with a "*" (CARDIN MODE) and wait for
the next command.

k=]

Type in

RUN

The system will respond with
SNUMB XX3OXT

38. The BCD tape contents will be saved as a permanent file by running
program TP2FIL (Figure 19) in the following manner.
Sign on the DPS1 computer at WES

Type in

OLD RCHH314/TP2FIL,R
CLEAR

SAVE TP2FIL

c. Type in
EDIT

(K= ¥ ]

({9

Type in
PS:/IDNET/

Replace USERID and USER NAME with actual user's ID and user's
NAME

Type in

RVS:/USERID,USER NAME/:/ACTUAL USER'S ID, USER'S NAME/

Type in

PS:/60/

The system will respond with
60$:TAPE9:F1,X1D, ,BCD TAPENO, ,BCD TAPE NAME

g- Type in
RVS:/BCD TAPENO, ,BCD TAPE NAME/:/ACTUAL BCD TAPE NUMBER, ,ACTUAL
BCD TAPE NAME/
(Note: The BCD TAPE NUMBER is obtained from the log file
of the printout after program DIG1l has been run, example

L]

| n

OLD TF2FIL
¥LIST

LI IN

ZO$ I IDENT!USERID USERNAKE

308 UTILITY

408 IFUTILIF3/F2,COFY/1R/ 1HOLD/F2/
SOSIFUTILSF1:F2:COFPY/1F/sRWD/F2ys

608 ITAFESIF1X1Dr 1 ECD TAFEND» + KEDTAFE NAME :
708 :FILEIF2,%25, 1L B
80$:DATAIF3:»COFY 3
FOIMFUTIASIS

1008 ENDCORY

1103 :FROGRAN: TSCONV S
1208 :FILE: IXyX2R a |
1308 FILEIQTs s LLINEWFF NAME . -
1408 ENDJOE )

Figure 19. Program TP2FIL to save
BCD tape as a permanent file
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shown in Figure 20. The same BCD TAPE NAME should be used -
as that previously used in DIGl.)

(k-

Type in
PS:/130/
The system will respond with
130$:FILE: 0T, 1L ,NEW,PF NAME -

Replace the PF NAME with actual permanent file name
Type in
RVS:/PF NAME/:/ACTUAL PF NAME

(The same PF NAME as BCD TAPE NAME is suggested.)

L J
. N : )
- A deanie

-
:

l- Type in RIS
RESAVE TP2FIL 4
k. Type in o
DONE
l. Type in
RUN - °
The system will respond with -
SNUMB XXXXXT
,
[‘ OPERATOR STARTED VITH #10048 FOR FILE CODE O3 GE 800 8TL GE PwX 10048 10048 0001 84016 OOOMARTINSCD
4 T4URMD? 10048 WAS CHAINED TO CONTROL SASTER TAPENAME ROCAMSC -
5 ¢ NORRAL TEAMINATION AT 021343 1=5000 Sws000000000000 . ~ ) J
‘ START 9,29¢ LINES 213 PROC 0,008 170 0.001 v § MEMORY 15¢ . ’
sTO0P 9.299 LINIT 20430 Limit 0,.3000 Limngt tw $ HeT 343 . .
suar  0.000 . 1
LAPSE 0,00 FC D TYPE susYy 1P/ar tp/ar 1S/8C NS/8E ADORESS TR/PxS Lo Tt e
L 5. a wsusO0 ¢ 42 . ¢ 36 36 0-12-20 e
Re R ASUSO0 o " 0 0 1 1 0-12-13% R
01 0 faPe-9 1326 0/01 €06 ] 0-16-05 #u0160 Y
03 0 1aPE-9 352 0s03 .9 0 0-18-0% #10048 Con e
Pe svout
Le R WSU4SO » 1290 ] 0 1200 1200% 0-08-02 -
L R WSUSCO » 60 0 /] $00  300r  0-12-13
LisT 99 LINES
rC-52 114 LIKES
ACTIVITY COST SuMMaRY
RESIURCE RESOURCE BILLING
DESCRIPYION USAGE UNT TS
PROCESSOR (SECS) [ 19
DISC 179 TimE (SECS) 1 1
h TAPE 170 Tiwmg (SECS) 2 1
h
[ Figure 20. Example showing how BCD TAPE NUMBER is obtained from
[ log file of printout after program DIGl is run .
] °
3 -
4 39. Digitizing errors may be edited from the tape with the following
b
3 procedures.
4 a. Sign on the DPS1 computer at WES e
b. Type in N
OLD PFNAME R
2 (PFNAME is the permanent file name used in TP2FIL.) S
DU
T
R




T T T T T ey TP vy v v vy
'-‘4"(

-'."-"J
" .

» c. Type in P
e EDIT o 1
o The system will respond with a "-" to indicate that it is in -
the EDIT mode. i 1
t'-'i‘: d. Use the editor command to correct all errors. j
g e. Type in 2
:_t- DONB

.. The system will respond with a "*" and return to the CARDIN

mode waiting for the next command.

Type in
RESAVE PFNAME
(This should be the same file name as PFNAME.)

T
B

sl
Y

40. Program CONVER will convert the digitized values of the x and vy

coordinates to prototype units (Figure 21).

a. Sign on the DPS1 computer at WES p 1
b. Type in
OLD ROHH314/CONVER,R
CLEAR
SAVE CONVER
¢. Type in
EDIT
d. Replace USERID and USER NAME by actual user's ID and NAME
Type in
RVS:/USERID,USERNAME/: /ACTUAL USER'S ID, ACTUAL USER'S NAME/
e. Type in
PS:/PARAMETER/
The system will respond with the statement
150 PARAMETER XM0O=0,YMO=0,XM1=12., YM1=0.
(where XMO, YMO, XM1, and YM1 are coordinates of reference
points in the prototype units)
f. Type in

RVS:/XMO=OLD VALUE,YMO=OLD VALUE/:/XMO=NEW VALUE,YMO=NEW VALUE/
RVS:/XM1=OLD VALUE,YM1=OLD VALUE/:/XMO=NEW VALUE,YM1=NEW VALUE/

::_" g. Locate and replace with parameter NI and N2 in Line 160 _:.-:.._t]
Type in T
h PS:/160/ . 3
- RVS: /N1=OLD VALUE,N2=0LD VALUE/:/N1=NEW VALUE,N2=NEW VALUE/ -
t'f,:- h. Locate and change the format statement in Line 290
- Type in POAES
- PS:/290/
b‘-f RVS:/FORMAT(4(i6,2F7.2))/:/THE DESIRED FORMAT/
J < ... 4
T~ ]
X R
» :
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N RS
L

OLL CONVER ST
*LIST

1201N

1108 IDENTIUSERIDsUSERNANE

1208 :0FTIONIFORYRAN

1208 USE.GTLIT

1308 FORTYIMFORMINLNO

150 FARAMETER XM0-0.7YHO -049)M1--12.9)YHL:0,

160 PARAMETER M1:1831,82:3973

167 FARAHETER N3-N2-N1+41

170 DIMEMSION XF(MI)sYP(NI) o NTT(ND)

190 DIST=SQART((ARES(XN1-XKO) )X, +(ABS(YHI-YHO))I2%2,)
192 DO 2335 I-1,N3

194 RTT(I)=I4N1-1

196 253 CONTIMUE

200 REAL .1,100) X0»YO

210 READC(1,100) X1,Y1

220 100 FORMAT(2X»FA4.012X:FA.Q)

220 READC1+100)(XPCI) 2 (FCI) o I=12NM3)

240 CALL CONVER(XOs»YDrX1»VIsNI»R2,XPsYFsDIST X KO YHO)
270 WRITE(43,200) (NTT(I) s XPC(I) s YFP (L) 21=1,N3)

273 FRINT 2009 (RTT(I) 9 XFC(I) o YF(T) s I :13R3D

290 200 FORMAT(4(146,2F7.2))

300 REWIND 1

310 CALL DETACH(L1,9)

320 STOF

330 END

340 SUBROUTINE COWVER(XOs»YOrX1sV1sR1sR2sX»YsDIST»XKO»YHO)
350 DIMEMSION X(1)s7(1)

360 HYF=3SOQRT((Y1-YDIKX24(X1-XD)%x2)

370 SCALE=DIST/HYF

380 SINE=((Y1-YD)XSCALE)/DIST

320 COSINE=((X31-X0)XSCALE)/DIST

J95 HI=NI-Ni+t

400 [0 10 I:14N3

410 XX~C(X(I)-X0)4COSINE+(Y(I)~YD)%SIRE)XSCALE+XHO
420 Y1) a(=({CI)-XNIKSINEFC(Y(I)-70)*¥COSINE)XSCALE+TMD
430 X(1)=XX

440 10 CONTIMUE

450 RETURN

4460 END

4708 EXECUTE

4328:L1MITSI02,16Ks 3000
ASO$IFREFLIO1sRyLPUSERID/FF NAME

SQO0sIENMDJUOE

Figure 21. Program CONVER to convert digitized
values of x and y coordinates to prototype
values

Locate and replace the parameter of USERID and PFNAME in

Line 490
Type in
PS:/490/
RVS:/USERID/:/ACTUAL USER'S 1D/
RVS:/PFNAME/:/
(Same file name that was used in Line 130 in file TP2FIL.)
Type in

RUN
The system will respond with
SNUMB XXXXXT

32




Plotting the Finite Element Grid PO

41. After the finite element grid data have been prepared according to
the above procedures, the grid may be plotted by use of the WES Graphics Com-
patibility System (GCS) (1979) subroutines. The plot file can be directed
either to a Calcomp plotter or to a Tektronix 4014 terminal interactively. _i-ﬂ:
This program FNGRID listing is presented in Figure 22. Ry
Steps to run FNGRID

42. Program FNGRID may be run by using the following procedures.

A. Use the XEDIT mode editor to change the total number of nodal
pcints and elements of the grid.

a. Sign on CYBERNET (Control Data Corporation) COMPUTER SYSTEM T
Telephone No. 2047 for 300 Baud . g
Telephone No. 2030 for 1200 Baud -

b. Call out the procedure file PLOTF o

Type in - R
GET,PLOTF/UN=CEROMO RS
SAVE, PLOTF T

Use XEDIT to make necessary changes
Type in
XEDIT

(Ks}

=%

Type in

L/IXY/

The system will respond with
Q,FNGRID.C/IXY/35/%;C/NEL/48/%*

Change the total number of nodes (IXY) and elements (NEL)
to the desired number

Type in

C/35/TOTAL NO. OF NODES/

C/48/TOTAL NO. OF ELEMENTS/

Option: If the user does not wish to change data file
names FINDAT and FINDATI to other names, go to
section g. Otherwise,

Type in

C/FINDAT/NEW FILE NAME/

C/FINDAT1/NEW FILE NAME/

¢ ]

}h

g- Type in

E,,RL .
(This command will terminate the editing mode and the T
file PLOTF will be replaced by the edited version.) e

|. . .
et
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OLD»FNGRID
/LIST
PROGRAH GRIDFLCINFUT/OUTFUTsTAFED-IRFUT»TAFES s TAFEB,
¥TAFEL2»TAFEL3 ' TAFEL1O»TAFESSs TAFE? 7 1APE?» TAFEDD)
sxx IXY IS THE MAX MUMBER OF MNODES
skx NEL 1S THE KAY RUMEER OF ELEMERTS
$¥k N1-N4 1S THE NODE NUIERER OF EACH ELEMENT
xxx DEP I3 THE DEPTH AT EACH NODE
s1x 1€1:0 FLOT NODE ARD ELEMERT NUMEERS
¥xx IC1-1 PLOT ELEMENTS NUMEERS.,
xxx IC1:2 MO MUMBERS PLOTTED
¥$x IC2=0 NO DEFTH DATA OR FLODT
¥xx 1C2=1 KREAD AND FLOT DEFTH DATA
¥%x XTRyYTR-X ARD ¥ COORDINATES OF THE CERTER OF THE SEMICIRCLE.
¥xr ANGG-ANGLE IN RADIANS OF SEKICIRCLE D1AMETER FKOM GRID X-nXIS,
®¥¥ RR-RADIUS OF SEMICIRCLE IM FEET
¥¥% NDEV:0 FLOT FILE IS DIRECTED TO THE CALCOKP FPLOVTER.
k%% NDEV=1 PLOT FILE 1S DIRECTED TO THE TEKTRONIX 4014 TERMINAL.
E¥x NODR=NO. OF POINTS OR THE CIRCUMFERENCE OF THE SKMICIKCLE (OR CIRCLE).
¥x% NCL=1 SEMICIRCLE GRID IS USFED.
$3% NCL-0 FULL CIRCLE GRID IS USED.
sx%¢ FACT IS THE FACTOR USED TO INCREASE OR DECREASE THE ORIGIORAL FLOT SIZE,
%% FACT=1.0 IF MDEV-=:1
k% WXNMAX- THE RIGHT-140ST WINDOW BOURDARY. (SEE GCS MARUAL)
Rkx WAMIM- THE LEFT-NOST WINDOW BOUMDARY. (SEE GCS MANUAL)
¥1¥ WYMAX-- THE TOF-MOST WINDOW BOUNDARY, (SEE GUS KARUAL)
$3x WYNMIN: THE BOTTOM-MOST WIRDOW BUUNDARY. (SEE GCS MARUAL)
£x% XLO:- THE X COORDIMATE OF THE LOWER LEFT COMMER OF THE
FIRST CHARACTER OF THE OUTFUT., (SEE GCS KARUAL)
®%¥ YLO- THE Y COORDINATE OF THE LOWER LEFT CORRER OF THE
FIRST CHAKACTER OF THE OUTFUT. (SEE GLS MANUAL)
$3% RTITLE= TITLE OF THE FLOT
sx¥ NAMELl~ IDENTIFIER USED FOR THE FROJECT
$%x USE FROC. FILE *FLOTF® TO SET DESIRED DIMENSIONS,

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

COMMON LDUM(2000)

DINENSION XCIXY) s (IXY)DEPCIXY)

DIMENSION K(NEL)YsN1(NEL) R2(NEL) »RI(KREL) s RACREL)
DINEMSION XAVECHEL)» TAVE(MEL)

DIMENSION NAHEL1(1Q)

DIMENSION RTITLE(B)

READC(12,10) NIEVIRODRsNCLIFACT
10 FORMAT(3IS,FO.1)

IR1-°*R1"*

IVt -0

Iv2.-1
. CALL SETJCICIR1»IVY)

IFCHDEVL.EQ.1) CALL SETJCIC(IR1»IV2)
' READI(12:13) MAMEL

15 FORNAT(10£6)

NSFACE =MODR-1
READ(12,29) SCALE»IC1,»IC2

20 FORHAT(F10.2,2110)
READC12+40) XTRIVTRIANGGIRK

40 FORIHAT(4F10,2)
READ(13950) OXCI) oY (Idel1sIXY)

) €0 FORIINT(I(6X,2FS.3))

FAT-3.1416
IF(NCL.EQ.1) DA2 FAI/NSFACE
IF(HCL.EQR.O) DA2: 2. %FAI/NODR
NNOD- L %Y
NODE2 -NNDD-NODR

) Figure 22. Program FNGRID for plotting the finite element solution
(Sheet 1 of 3)
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29
105
96
C ¥ix

60

130
C ¥4
140

150
X
C x%%

160
3
X

170
180

250
C %¥1

Waliznierrus

WRITE(E,103) NAMEL

WRITE(B,54)

FORMAT(//70 10X b A b ¥ XA AR SERERABNRRIRR AR SARKKRRUREFRBKUMLFERARAZRER")
FORMAT(/:220X,10051/)

NCD) USE TEMPORARY
10 60 I 1sIXY
WNCT) =1
FEADNCYs70) C(DEFCI) e I2100RCD)
FORMAT(14F35.2)
WRITE(Bs11D)
FORMATC(ZX s *NODE* s 11Xy * X -COOD® s 112y *V~-CO0D +s11) s "DEFTH®)
WRITE(8:,90) (nR(I)aX(I)sY(I)H>LEF(LI),] 1,12Y)
FORMAT(IL102XsF13.s25270F10,212)4F15.2)
NODEL1- IXY-NODR+}
N=INY
M=NEL
DO 130 I-1sN
XCI)=XN(I)iSCALE
Y(I):Y(I)¥YSCALE
COMTINUE
FRINT INTERKERIGTE DATA
FORMAT(1X»12406)
WRITE(Br1T0)RsH» R SCALE
FORMAT(1X+12HNO OF FOINTSsITs/s1351AHNO OF ELEMERNTSIT:/¢13s1E6HRAN
GE OF Y-COORDL»F10.0¢/91X>22HSCALE FACTOR (LH/FEET)HEL10.3)
CALCULATE ELERENTY CENTROILDS
WRITE(B,140)
FORMAT(/ /s 7HELERERT s 1 AHN L) s 2V AHRC2) s 2N s THR () s 20 s ZHELEHERT » 1 Xy
AHNCL1) 12X s AHNC2) 92X 0 AHRC(I) ¢ 2N s ZHELEMERT s 1) s AHRN (1) s 2X s AHN(2) 52X 9 4HN
(3))
READB(99170)  (NICID)sN2C(ID)»NICTD)s 121y REL)
FORMAT(3I(IX»313))
FORMAT(AT4s2)0sA1612Y.1416)
WRITE(8 1303 (I HICI)sN2(I),H3CTI) 1 1HilEL)
WRITECI0» 2500 (XCI) e I:-3sIXY)
WRITECI0»250)X(V(I)sI-1¢1IXY)
WRITE(10,170) (NI e N2CI)sR3(T)s1:1¢NEL)
WRITEC10,250) (QEFCIYI- 1N
FORMAT(BF10.2)
READ IN DNATA FOR X-RANRGE ARD Y-RAKGE L 3 3
READCLI25231) WANAX WAMIN/WIMAKHWTNIN
FORMAT(AF10.1)
READ IN DIATA TO LNAREL THE FLOTC xxx
REALI(12+41) XLO,YLO
FORMAT(2F6.2)
REALIN(12,42) RTITLE
WRITE(Br42) RTITLE
FORNAT(BALQ)
g 33 I:1+M
RACI): O
IF(IC1.GE.2) 60 YO 220
Lo 200 1 14
NHT N1CD)
NN2 "N2(D)
NHI-N3CD)
NN4q M4a(D)
XAVE (177 KUNRNTY 7 LRI2) X (NND)
YAVE (I Y OMULIY4Y ONND TV (NND)
IF(NA(I).GT.0) GO TO 210
XAVE (1) YAVEC(L,/3.
YAVE(1): YAVE(I) /3.
GO 10 200
YAVE (I (XAVE(IY 42 (1)) /74,
YAVE (1) (YAVE(II4Y(NNTY ) < q,

Figure 22. (Sheet 2 of 3)
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220 CALL USTART

! CALL UFSET(*SFEED*»120.) 4
CALL UEKASE :

CALL UERELL .
c CALL UFSET( TERWINATOR®»";") 1
IF(HDEV.FQ.1) GO TO 2295 B
CALL USET(*ALTE") }

CALL UERASE ".
225 CONTINUE .

CALL USET(*DEVICE®) o
CALL FACTOR(FACT) .
CALL UDAREA(0.0r14.020.5510.)
CALL USET('VIRTUAL®) - .
CALL UWINDOCWXKAX ) WYXMINsWYHAX s WVYMIN) LR
DO 23 I:1.,M A
XI:1 : 1
C X% MOVE FEN TO FIRST ELEWENT NODE e

H1:N1CID)

M2 R2(I)

KH3I-N3(I)

Ma=Ra(I)

CALL USET("NDAXES®)

CALL USET(*LINE®) ]

CALL UMOVE (X (K1)sY (M1))

CALL UFEN(AC(M2) 1YV (H2)) ® 4

CALL UHOVE(X(M2)»1{N2)) )

CALL UFEN(X(H3)sY(M3)) B

CALL UNDVE (X (H3)»Y(M3))
IF(MA,.EQ.0) GO TN 26
CALL UPEN(X(MA)rY(M4))
CALL UMDVE(X(MNA) Y (M4A))
CALL UFENCXGHL) 7Y (ML) {
CONTINUE @
IF(IC1.EQ.2) GO YO 27
[0 275 I+1,H
ELE-I
CALL UKOVE (XAVE(I)sYAVE(I))
CALL USET(*SHALL®)
CALL USET(*INTEGER®)
CALL UFRINT(XAVE(I)»YAVE{I)sELE)
CONTINUE
IF (IC1.GE.1) 60 TO 27
Do 270 11 N
EN=-1
CALL UHOVE(X(I)rY(I))
CALL USETC(*SHtaLL®)
CALL USET(INTEGER®)
CALL UFRINT(XC(I) s Y(I)2EN)
70 COMTIMUE
27 CONTINUE

IF (If2.EQ.0) GO TO 116
CALL USET(*HARDWARE®)
CALL USET("SHALL®)
DO 117 I-1,NNOD . N
CALL USET('REAL™) e
CALL UFRINT(XCI) V(1) sDEFCI)) e

117 CONTIMUE PY

116 CONTINUE
C x4 LNBEL FLOT *xx

CALL USETC(*VIRTUAL®)
CALL USETC(*LARGE ")

[BRS]
o

(R]
~
[®]

r
o

CALL USETC*TEXT®) - ft:q
CaLl UFRINT(XLOsVLOPRTITLE) ]
caALL UEND

WEITEC(Ie10620)

1000 FORMATCLX s "FLOUTTING COUFLEIR ) ® 4
STOF .'_. . j
END R

. Jx
-5 - ~ A

Figure 22. (Sheet 3 of 3) e 1
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B. Use procedure file to run program FNGRID.

a. Type in
OLD,PLOTF
BEGIN,RUNPL, PLOTF
The system will respond by printing out the statements
which are edited by "Q" statement in file PLOTF

Answer the first question of PROGRAM FILE NAME
Type in
FNGRID1

Answer the question of TYPES (X,N,B) OF FILE
Type in
S

|o

In

d. Answer the question of DEVICE

Type in

DR4 (if Calcomp plotter is chosen)

TK4 (if Tektronix 4014 terminal is chosen)
(Note: Computer will begin to plot on the screen if
TK4 is chosen; computer will respond with more ques-
tions if DR4 is chosen.)

Answer the question of USER'S ID
Type in
CEROXX (the user's ID)
The system will respond with
TAPE 99 ROUTED THRU AJZZ123
(where AJZZ123 is the job name of the plot file)

f. Call (Ext 3442) the operator of the COPE terminal at the
WES Automatic Data Processing (ADP) Center to retrieve the
plot file. (Note: TAPE10 is saved and replaced by file
name FINDAT after the run, and will be used as data file to
run program FINITE.)

1]

.‘7""_7"'

Data preparation information

43. The variable names and format allocations for program FNGRID are as

follows.
DATA SET NO. 1
CARD NO. 1
Col. Format Variable Name Description
1 -5 I5 NDEV NDEV=0, plot file is directed to the Calcomp
plotter
NDEV=1, plot file is directed to the Tek-
tronix 4014 terminal
6 - 10 IS5 NODR Number of points on circumference
11 - 15 IS5 NCL NCL=0, full circle grid is used

NCL=1, semicircle grid is used

37
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4
J
1
4
1
Y
1
]
]

Col. Format Variable Name Description ®
16 - 20 F5.1 FACT Factor used to change original plot size.
(Note: If NDEV-1, then FACT=1.0.) K
CARD NO. 2 = 1
e
1 - 60 10A6 NAME1 Identifier used for the project : o
CARD NO. 3 R
1 - 10 F10.2 SCALE SCALE=1 and 2, x and y coordinates of fff}fi
the nodes are in feet and inches, ®
respectively
11 - 20 110 IC1 IC1=0, plot node numbers and element numbers

IC1=1, plot element numbers only
IC1=2, no number plotted

21 -~ 30 110 IC2 1C2=0, no depth data on plot °
IC2=1, read and plot depth data

CARD NO. 4
1 - 10 F10.2 XTR X - coordinate of the center of semicircle 3
11 - 20 F10.2 YTR Y - coordinate of the center of semicircle .® ‘
21 -~ 30 F10.2  ANGG Angle of the semicircle (radians) S
31 - 40 F10.2 RR Radius of the semicircle (feet) . _'ff
CARD NO. 5 '
1 ~ 10 F10.1 WXMAX The rightmost window boundary (See GCS 1979
manual)
11 - 20 F10.1  WXMIN The leftmost window boundary (See GCS 1979 S
manual) -_.._......
21 -~ 30 F10.1 WYMAX The topmost window boundary (See GCS 1979 .
manual)
31 ~ 40 F10.1  WYMIN The bottommost window boundary (See GCS 1979
manual)
CARD NO. 6 _®
1 -6 F6.2 XLO x~coordinate of the lower left corner of the
first character of the output (See GCS
1979 manual)
7 - 12 F6.2 YLO y-coordinate of the lower left corner of the -®
first character of the output (See GCS o
1979 manual) 12}
[
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Col. Format Variable Name Description

CARD NO. 7
1 - 80 8A10 RTITLE Title of plot
DATA SET NO. 2 o '
CARD NO. 1 -
(Note: This data set is obtained after the program CONVER is run.) iLIf“
1-6  Blanks -
7 - 14 F8.3 X(1) x-coordinate of node 1 @
15 - 22 F8.3 Y(1) y-coordinate of node 1 -
23 - 28 Blanks )
29 - 36 F8.3 X(2) x-coordinate of node 2 :
37 - 44 F8.3 Y(2) y-coordinate of node 2 ‘@
45 - 50 Blanks
51 - 58 F8.3 X{(3) x-coordinate of node 3
59 - 66 FB8.3 Y(3) y-coordinate of node 3 .
(Note: Six values on each card. Total number of x and y values should equal :h
the total number of nodes.)
DATA SET NO. 3
CARD NO. 1 -
1-5 F5.1 DEP(1) Depth in feet at each nodal point &
6 - 10 F5.1 DEP(2) (Note: Sixteen values on each card, and use
as many cards as necessary.)
.
76 - 80 F5.1 DEP(16)
DATA SET NO. 4 °
CARD NO. 1 5
1 -5 15 K(1) Dummy variable used as an index number for

the element

6 - 10 15 N1(1) First nodal point of elemeprt °

11 - 15 15 N2(1) Second nodal point of element 1

16 - 20 15 N3(1) Third nodal point of element 1
39
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Col. Format Variable Name Description
21 - 25 15 K(2) Dummy variable
26 - 30 IS5 N1(2) First nodal point of element 2 .
31 - 35 IS N2(2) Second nodal point of element 2 .4 i
36 - 40 I5 N3(2) Third nodal point of element 3 2 -
41 - 45 15 E(3) Dummy variable e ?
46 - 50 IS N1(3) First nodal point of element 3 lf.'lj
51 - 55 15 N2(3) Second nodal point of element 3 ‘o
56 - 40 15 N3(3) Third nodal point of element 3

(Note: Twelve values on each card for as many cards as needed. The crder of
N1, N2, and N3 of each element is chosen by following a counterclockwise
direction.) B

Example run
44. The finite element grid of Figure 17 will be processed as a typical
representative example of the capability of the programs.
A. VUse XEDIT mode to set the total number of nodes to 35 and total .f. '
number of elements to 48 (Figure 23).

- GET»PLOTF/UN=CEROMO
.- /SAVE,»PLOTF
= /O0LDyPLOTF Lo
ﬁ /XEDIT -

XEDIT 3.1.00
?? L/QsFNGRID/
Qy FNGRID.C/IXY/30/%;C/NEL/40/% Ry
77 €/30/35/ R
ii QyFNGRID,C/IXY/35/%5C/NEL/40/% .

?? C/40/48/ ]
Qs FNGRIDL.C/IXY/3S/%3iC/NEL/48B/%

{ ?? EysRL

b PLOTF REFLACED

- PLOTF IS A LOCAL FILE

: AEB 0.,234UNTS., SR
/ o
Figure 23. Using XEDIT mode to set =
total number of nodes and elements

B. Run program FNGRID RS
a. Plot file is directed to the Tektronix 4014 terminal
(Figure 24).
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OLD,PLOTF
7BEGIN +RUNPL,PLOTF,FD1,FD2,FD3.
C 382 35 1S THE MAX NURBER OF MODES
DIRENSION X(35), V(3S).D€P(3S)
RERD(IJ 50) (X(l) Y¥(1),1°4,35)
NMOD~3
DO 60 141,35
URITE(B,99) (K(1), XCI), Y1), DEP(T),11,35)
NODIP:IS-MDR'I

Ne3
W”’E(l‘.as.)(X(l)o! 1,35
mle(l.,as‘)(V(l).l'l 35)

END OF FILE

C 233 48 IS THE MAX NURBER OF ELEMENTS
DIRENSION K(48),M5(48),M2(48),HI(48),N4(48)
D!msxon XAVE (48 8),YMVE(48)
RE“D(’ 176) (N1CI),M2(1),MI(]),11,48)
URITE(S, l!.)(l NLCI),M2¢]),NIC(T), I=1,48)
WXTE(!.,!T.N“I(!). (I).M(l).i'l.")

END OF F1l

ENTER PROGRAM F1LENANE

? FNGRID1

ENTER S FOR SOURCE FILE VITH MO LINE NUMBERS
ENTER N FOR SOURCE FII..E VITH LINE MUMBERS
ENTER B FOR BIMARY F1

7S
DEU!CE-
? K4

Figure 24. Directing plot file to
Tektronix 4014 terminal

READ(13,590) (X(I),¥(1),]1-4,35)

NNOD-35

DO €0 I-1,35

URITE(S 908) (K(1),X(1),Y(I),DEP(1),1»1,35)
NODB1=35-NODR+1

Ne35

URITE(10,250)(X(1),1-1,35)
WRITE(10,250)(Y(1),I=1,35)

END OF FILE

C 3x3 48 IS THE MAX NUMBER OF ELEMENTS
DIMENSION K(48),N1(483,N2(481,N3(48),N4(48)
glngnsxon XAUE (48 ), YAVE (48)

oy

READ(9,170) (N1(1),N2(I1),N3(1),1=1,48)
URITE(8,180)¢I,N1(1),N2(1),N3(1),1-1,48)
URITE(10,17@)(N2(1),N2(1),N3(I),11,48)

END OF FILE

ENTER PROGRAM FILENAME

9 FNGRID1

ENTER S FOR SOURCE FILE WITH NO LINE NUFRBERS
ENTER M FOR SOURCE FILE WITH LINE NUNBERS
?ENTER B FOR BINARY FILE

ENTER YOUR USER NUMBER

? CEReng

TAPESY9 ROUTED THRU JOB AJZZ324
ggté gOT GRIFFIN (TEL.3442) & SPECIFY 3-BIT SOFTUARE

Figure 25. Directing plot file to Calcomp

plotter terminal
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b. Plot file is directed to the Calcomp plotter (Figure 25).
OLD,PLOTF
L - /REGIN,RUNPL,PLOTF,FDi ,FD2,FD3.
) € 33% 35 IS THE MAX MNUMBER OF NODES
f DIMENSION X(35),Y(35),DEP(35)

P
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C. Listing of data files (FD1, FD2, FD3) (Figure 26).

OLD,FD1
/LIST
Y 9 1 1.0
SAMFLE PROBLEM
1.00 o o
0.00 0.00 0.00 2.00
-35.0 35.0 -40,0 15.0
.=8.00-37.00

FINITE ELEMENT GRID\

Figure 26a. Listing of data file FDI

OLDsFD2

/LIST
-8.000 -32.,000 0.000 -32,000 8.000 -32,000
-40000 ‘280000 40000 “280000 '80000 -24.000
0.000 -24.,000 8,000 -24,000 -4,000 -20.000
4,000 -20.,000 -8.000 -16,000 0.000 -16.000
8.000 -16.000 -4.,000 ~-12,000 4,000 -12.000
-8.000 -8.000 0.000 -8.000 8.000 -8.000
-4,000 -4,000 4.000 -4.000 -8.000 0.000
0.000 0.000 8,000 0.000 ~4.000 4,000
4.000 4,000 0.000 8.000 12.000 0.000
11,000 4.600 8.500 8.500 4,600 11.100
0.000 12,000 -4.600 11.100 -8.500 8.500
-11.100 4,600 ~12.000 0.000
Figure 26b. Listing of data file FD2
OLD,FD3
/L1ST . A
0.25 0.25 0,25 0.25 0.25 0.25 0.25 0.25 0.25 0.2% 0.25 0.25 0.25 0.25 0,25
0.25 0.25 0,25 0,25 0.25 0.25 0,25 0,25 0.25 0.25 0.25 0.2% 0.25 0.25 0.2
0,25 0.25 0.25
1 2 4 2 3 5 1 ] 6
4 7 6 2 7 4 2 5 7
5 8 7 3 8 5 6 7 9
7 8 10 6 s 11 9 12 11 ®
7 12 9 7 10 12 10 13 12 A
8 13 10 1112 14 1213 15 T
11 14 16 14 17 16 12 17 14 e
12 15 17 15 18 17 13 18 15 RN
16 17 19 17 18 20 16 19 21 Tl
19 22 2% 17 22 19 17 20 22 -3
20 23 22 18 23 20 35 1 34 . )
21 22 24 22 23 25 23 27 28 R
21 24 3 22 25 24 23 28 25 K )
34 24 33 24 25 26 25 28 29 \ __:.1
24 32 33 24 26 32 25 30 26 RS
2% 29 30 26 31 32 26 30 31 _: 7..1
o _-1
Figure 26c. Listing of data file FD3 ;:;:'3
e ]
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The computer plot of the finite element grid originally conceived in Figure 17
is presented in Figure 27 after processing by the programs DIGl, TP2FIL,
CONVER, and FNGRID.

a7 4
49 4«4 45| 46
40 41 42
N as 39
3 34 IS 36
7
28 |
a7 29 , &
2s 26
1
20 23
19 21] 22 24
17 18
3
12 18
1" 131 14 16
9 10
4 7
3 S 6 s
1 2

Figure 27. Computer plot of
finite element grid
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PART IV: PROGRAM FINITE -

45. The propagation of periodic, small amplitude surface gravity waves

over a variable depth seabed of mild slope is governed by

C

A" (cc Ad) + ;5 124 = 0 (1 bis)
Equation 1 is solved numerically by program FINITE using a hybrid finite ele- ’ ;
ment method originally developed by Chen and Mei (1974) to solve the diffrac- “‘ "

tion Helmholtz equation in a constant depth region.

1
]
Data Preparation for Program FINITE ]

46. Two types of data are necressary to run program FINITE: (a) data
values defined by parameter statements in the program FINITE and (b) data sub-
mitted to the program FINITE by data files. Program FINITE is presented in
Figure 28.

Data values defined
by parameter statements

47. The following data values are defined by parameter statements in

the program FINITE.

Variable Name Format Description

NNOD Integer Total number of nodes

NELE Integer Total number of elements

NODE Integer Total number of radiation boundary nodal points
NCS* Integer Total number of coefficients in the expansion of

radiation domain SRS

ISPT Integer Number of selected elevation station (nodes) j:
ISPTE Integer Number of selected elevation station (elements) ‘. R
NSYSK Integer NLGL x NBAND x 2 + 50 ) j

(see comment statements in program FINITE) 2
NSYTP Integer NLGL x NBAND + 100 ]

(see comment statements in program FINITE)

(*Note: The value of NCS is not known a priori. Enough terms must be included
such that additional terms have a negligible effect on the solution. NCS can

be estimated by determining the argument (2%R/L) of the J Bessel Functions

44
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(Committee for the Calculation of Mathematical Tables 1958). The values of
different order J Bessel Functions with this argument can be determined using
Bessel Function tables. When the value of a Bessel Function of higher order
becomes much less than the lower order Bessel Function of the same argument,
NCS is set equal to the order of the higher order Bessel Function. For
h=1, k=12, T=2sec; 1= (Jgh)T =11.4 ft, (2nR/L) = 6.64 . Since
J13(6.64) is much less than Jo(6.64) , NCS is set equal to 13. The model
should then be run with NCS equal to both 13 and 14. If the results are the
same within desired tolerances, the value of NCS = 13 is confirmed.)
Data values submitted by data files

48. Data file FINDATI contains Data Set No. 1 through Data Set No. 3.

Data file FINDAT contains Data Set No. 4 through Data Set No. 7. (FINDAT can
be obtained after running the plotting program FNGRID.)

45
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OLD,FINITE
/L1IST
SDECK MAIN
FROGRAM LALB (INFUT/OUTFUT:TAFES=INFUT,TAFES=QUTFUT+TAFE4,
LTAFES ' TAFELL» TAFEL2 s TAFEL3 TAFELAYTAFELIS TAFELSs TAFEL7 1 TAFE LS,
1TAFEL19, TAFE2O, TAFE2L» TAFER2, TAPE23, TAFE2 4 TAFPERD)

C
CCC FARBERS FOINT HAREOR OSCILLATIOR STUDY

Cc
c X ERE AR R KR KRR KRR KR AR AR ER KRR R KRR AR KRA KKK
c MELE - TOTAL NO. OF ELEMEMTS
C NNOD= TOTAL RO. OF NOLES
c MODRTOTAL NO.OF RADIATION-BOUNDARY MQUAL POIMTS
C NCE =TOTAL NO.OF COEFF. IN THE EXFANSION OF RADIATION DOMAIN
c MEQT: TOTAL MO. OF SIM, LIN, EQS. =MHOD+MNODR
CRERRRKEELLEE AR KKK ERERKE PR RN R E KRR K KRR KRR AR RN K R KRR KK
COHPLEX SYSK2SYSQrXHsDH,SM
Xy SYTF»STMRFIFTEHF
COMHON/DR/ WKyALFHASD1»DA2sDIA4 KRR WRy XL r WL s RKHF s HKL
DIKEWSION X(1277)sY(1277)+NOD(1277) ¢ HCOR(23I4»T) 91 0J(28)>
1 XY(2S) e XH(2S) s DH(2GY rARGL(13) o SML13) s DDC2334) 1 RSF(100) s JTFER(T)
DIMENSION AF(1297)9sAT(1297),IDC20)yNSFE(100)
DIMENSION U(2334):V(2334),YC(2334),2(3)
COHMON/LL1/SYSK(19850)
COMMOR/L2/8SYSR{(1300)
A COVHMON/LI/STNF(1300)
a COMHON/LA/SYTF(99350)
DINENSION FTENF(9950)
DIHENSION VJ(105),VY(103)
d DIMENSION NR(J)
) DLHENSION XK(25)
E‘ COMKON /NEW/ HUMBLKINLG»NLGLL11»LS
1 »L4L3
LEVEL 2+SYSNeSYSQsrSTHUF»SYTPFTENHP
s EQUIVALENCE (FTEMF(1)sSYTF(1))
r DATA (IFER(JI»J-19S5)/AHNAVEsAH FER»AHIOD sAHIN SrAHECS=/
i IFC = 0
1IFMAX = O
READN(I,»2) ID
2 FORMAT(20r4)
WRITE(6+3) ID
3 FORMAT(//»35X22004+/777)
RENAD(SsSAZ0INEARD s NNOD s NELEsNODRSNCS» IFRsRRsALFHAs DM s IBLKLEN
S430 FORMAT(6ISIF10.2,F10.5,F10.2,116)
NELE3-3%NELE
NEQT -NNOD4NCS
HODR1 -NODR-1
NUMELK = NECTHNEARD/IBLKLER + 1
FAl = 3.14135926354
pr - 1.0
A2 < FAI/NODR1
a4 = DA2/2.
5431 NLG=MEQT/NUMBLK
NLGL. HEQT-(HUMELK=-1)%NLG
MLGG - 2% NLGL
IF (MLGC ANEARDLLT.19850)60 TO 5432
NUTTELK = MUNBLRN ¢ 1
GO T0 %431
5422 CUNTINUE
WARITE(E» 12)NELEsHNOD, HODRy NCSHNEQRT s ALFHA+DA2: DAAYRR 1[I, DM
12 FORMAT(/17+23WTOTAL NO. OF ELEMENTS =sI1T:s3%Xs20HTOTAL NO., OF NODES
129159359 22HTOTAL WO, OF SOURCES :,15s3)s30HFIRST ELEMENT W.R.T. SO
DURCES =+I15s/10030HTOTAL NO. OF SIM, LINEAR EQS =+I5rA)20HWAVE ANG

Figure 28. FProgram FINITE for solving hybrid finite element model
(Sheet 1 of 23)
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) 3LE OF INCIDENCE =,F10.5,4X,29HINCREMENT IN AN, . RILLIION = 2F10.6 ‘@
4,/1%932H0UTEST EXTERD OF FIRITE DOMAIRN - ,410.0-2 - Z9mNORA. DFFTH O
SF OUTER REGIOR :»FS.295XeJ1HAVER. DEFTH(FT) OF SrnmlUIRCLE :+F10.2,
&s7) 1
(R 12321333 220 R iSRRIt 2Rt R tiiisTRcsesstetitstssssissess ]
c WK - WAVE 0.
c ALFHA:- WAVE AHGLE OF IRCIDENCE
c Di1- WATER DEFTH OF QUTER REGION
' c DAZ INCREMENT 1N ANGULAR DIRECTION

COEXBYR RN AR IR EAAB LA FR B0 SV RANUSB0BT RN IIBRINIUIBEEERBRERNREEENBEER
IF ¢(IFR .ME., 1) GO TO 2013
- PRIRT 2010
= 2010 FORMAT (ZOXs2BHINKFUT DATA CHECH - -ECHG Fe 10T
- FRIVT 2014, NUMNBLAsALGrALGL s IBLALEH [FR . phanl
. 2014 FORMAT(//11Xs0l6)
- 2013 CONTIMUE
] READ (S e300 THAX s THIR: TDECT ¢« InR
IF(IFR.EQ.0)6G0 TO 3020
PRINT 3G0s THAY s THIN, TDEL TV INK
300 FORMAT(3F10.2,13)
3020 XK(1) = TKIN
00 320 J = 25 IKM
J1 = 3 -1
XN(J) = XK(J1) + TDELT
320 CONTINUE
READ(S130S)IFCoIFNAX  ISFTIDPCHISFTE ILCHy IKUGA, TBUGG s 1BUGL
305 FORMAT(91I3)
IF(IFR.EQ.,0)GO TO 3010
PRINT 305+ IPCoIFMAXs ISP IUFCISFTE, 1DCH 1RUGA IKUGG s IBUGL
- 3010 IF(IFC.EQ.0)G0 TO 3000
- READ(S+308)(NSP(J)1J-19ISFT)
. READ(5,3068) (MSPE(JY»J-1,1SPTE)
» 306 FORHAT(1619)
N IF(IFR.EQ.0)G0 TO 3000
I WRITE(65306) (NSF(J)9pJ:= 15 ISPT)
WRITE(&1306) (NSFECJ) »d=1»ISFTE)
3000 IKT : IKK
DO 99 IK = 191IKK
WK = (2,EFA1)/Z(XKC(IK)XSQRT(DHE32.2))
WRITE(6+73) XK(IK) WK
73 FORMAT(1H1»//+25X%24HNAVE FERIOD IH SECORDS < :1F10.2:24) s FHWAVE NO
1=9E12.5,77)
- IF¢ IK 6T, 1) GO YO 98
. CALL INMPUT2¢ X' sNODsNCON
.. 1 sHELE»NNOD,HOUR)NCSsHEQT s REANDINCS2:DDs IDFCs DUy IDCH)
- CALL BANMI( MCON
- 1»NELE ) NNODyNOURNCSyNEQTyREANDINCS2)
98 COMTIMUE
i CALL ASEHEK(XsYsNCOH)SYSKsSYSQsSYTP»NLGL
1y NELE s NNODyNODRyHRCS s NEQT s RBANDINCS2+ DD NELE3
1 #NLGsIDFCyIBUGA)
IF(IBUGAH.ER.,0)GD TO 3050
- WEITE($,350)
- 350 FORMAT(//+1Xs13HELK ASSEMELED)
- 3030 CONTIMUE
s CALL GSFK(SYTF#XJe XYV 1 XHyDH: ANGL
> 1 »HELE,NNOD, NODR s NCS ) RECT»REANDNCS2 s RODRL sV Js VY T RLCL s TBUGG)
IF(IBUGG.EQ.0)GO TO 3060
WRITE(6,359)
) S5 FORMATY//11%+13IHGESFK COMFLETE)
' 3060 CONTINUE
CALL LOAD(SHsSYSRiXJrDHrARGL
RE 1y NELE s NNODyNODR I NCSy NEQT s REARD ) RCS2, HODK1 s TBUGL)
- IF(IBUGL.EQ.Q)GO TO 3070
WRITE(S,375)
» 375 FORMAT(//+1Xs13HLOAD COKFLETE)

. Figure 28. (Sheet 2 of 23)
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3070 CONTINUE

CALL EAHSOL (SYSKhiSYSCISTHUF I RLGs MEANDy NUKEL N+ NEQT,
1 NLGG+SYTFILGL FTEMF)
WEITE(6:20)
20 FORMAT(///7/79A0X 40 C1HD) /145X
¥40H THE SOLUTION OF THE SYSTEHNM /2y ATXrAQCLIHON /2 /
171 s 7HELEHERT s OY s 1 3HALFPLIFICATION 19, s BHVELOCITY 1 1A s ZHELEMERT »SXs
21IHAMFLIFICATION, 193¢, BHVELOCITY»/4:(,2HOR 13 X2 8HFACTOR» 16
210HCONFONENTS 50y FHHAGHITUDE s SXs 2HORs 11X 1 6HFACTOR» 16X
410HCOIFONENTS»8Y » QHITAGRITUDE + /2% s AHNDDE r AX. r AHMAG « »B). 1 CHFHASE » 9X»
STHUs 310 IHV 1BXy AHNOTIE s AY s AHEHAG « 18X s GHFHNSE ¢ 9 s 1HUs 1135 1HV // /)
N1 - MNOD+1
b0 22 1. 1.NEQT
Ak CRENL(SYSOCT))
a1 ATHAGESYSR(I N
ATCLY ATAN2CATAR)
I F(1)- SORTCARXI2+ATXXD)
AF (1) AF(I)/2.
CONTINUE
6=32.2
U0 2014 L 1»NELE
10 4008 J=1+3
NE(J) = NCONC(L D)
400E CONTINUE
I11=MR(1)
12-1R(2)
13-NR(D)
Y1 :¢(I1)
X2 X (1I2)
%3=2(13)
Y1-v(I)
Y=Y (I .
Y3-Y(I3) [ ]
» Fls ¥3-Y2
E2: Y1-Y3
£E3- Y2-Y1
Ci1= X2-x3
Cr= X3-X1
C3- %1-X2 ]
AKER 0.OX(R1%C2-F2xC1) . -
FAC- 2.XAREA/G ®
LUM: L -
LUNL1-34LUM-2 S
LUH2 :3%LUM-1 RS
LUNI: 3kLUM T
.- ittt : -K1/FAC S
- v1L2 =-B2/FAC o
- pViL3 :=B3/FaAC i d
vzl = -C1/FAC o
i nvaL2 =-C2/FAC .

| =~ |

1
[S)

[

PRSI .

WY

1
nvaL3 : -C3/FAC [
IF( AREA .GT. O, ) GD TO 4009 o]
WRITE(&14010) AREA:LUM ERERE
4610 FORNAT(1X»21HDERUG ELMK 100y AREA-sE12.516H ATrI5r11H-TH ELEMEN AT
\T) T
4TOF o
409% COHTINUE °
[ ] SYTF(LUL1)= (0.0s1,0)2%DV2L1Y
: SYTF(LUiL) = SYTF(LUML) + DViL1
- SYTF(LUK2): (0,0+1,0)8DV2L2
.. SYTF(LUN2)= SYTF(LUK2) ¢ DVIL2
. SYTF(LUH3)- €0.0,1.0)%x0V2L3
SYTF(LUN3): SYTF(LUK3) ¢ DVIL3
4014 CONTIWUE
e K11 :0
. SIGMA~ 2. FAI/ZYKCIK)

Figure 28. (Sheet 3 of 23)
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DO 250 J=1,NELE
1o 260 L=1,3
N=NCON(J,L)
S80  Z(L): HF(M)YKD,
uean=0,0
V(J)=0.0
00 270 L=1,3
K11=h11+1
bVl REALC SYTF(K11) )
V2 AIMAG( SYTF(KN11) )
UeJr= UCII+DL1%Z (L)
270 VJr= V(N +DV2RZ2(L)
UCJ)==Uct)/STGHA
V(J) =V(J)/SICGHA
250 YC(JI)=SRRT (UL RV +VIIIRVI))
IFCIFC.EQ.0)GO TN 3502
WRITE(4,30)
30 FORMAT(/ 26X+ 61HELEVATIONR AND VELOCITY FOR SELECTED ELEVATION STAT
1IOMS(NODES)»//7)
L0 500 I:1,185FT:2
II 1+1
J = RSF(D)
IF(IT.GT.ISFTIGO TO S01
J1 = NSF(II)
WRITE (6925) JeAF (D AT U s V(D) s YOOI pJLsAF(JL1) s ATCILY s UCIL )
1V(J1)YC LI
GO TO S00
501 WRITE (&+24) JsF(D) s ATUL) UG p VD) YELD)
500 CONTIMUE
$02 MSK2 = 2XNSKIF
IFC(IREDFT.EQ.1)WRITE(&1TOT)INSKIF
505 FORMAT(///+39%y32HELEVATION ARD VELOCITY AT EVERY sX35s19H-TH NODE
10R ELEMENT,///)
10 400 I:1,RNOD/NSK2
IT = I4NSKIF
IFCIT.GT.NNODIGOD TOD 410
WRITE (6925) IsAF(D) AT sUCD) V(I s YCCD) s ITsAFCTII) s ATC(IT) s UCTIT )y
V(I ,»vCC1D)
GO TO 400
410 WRITE (6524) IsAF(DIvAT(DI SO V(D) sYC(D)
400 CONTIMUE
NNQDI - NNODi+1
WRITE(4,23)
DO 414 I-NNOD1sRNEQT,2
I1:1+41%
IF(I1.GT.NEQT)GO TO 4135
WRITE (6+29) IsAF (D)o ATCD sUCDI s VKD  YC(D) s TIsAFCIID vATCII) s UCTIT)
VI »¥C(ID)
GO TO 414
415 WRITE (6924) I+sAFCD AT (U VT ¢ YCLT)
414 CONTINUE
WRITE(6926INSKIF
26 FORMNAT(//7/9A3Y»20HVELOCITIES FOR EVERYsI3/22H-TH REMAINING ELEMEN
1Ts/777)
NECT1 -REQT+1
NSK3 = JkMSNIF
L0 417 I - REQT1s+NELEfNSK3
J1 = 1
J2 I ¢+ 2xNSKIF
IF(J2.6T.NELEDJD : MELE
WREITE(&Ly2220 (00 UG s VD) P YE(I) 9 -J1r J2YNEKIF)
FORMAT (149 3(IS»1Xs3EL12.5,2X))
CONTINUE
1IFCIFC.ER.0IGD T0 S20
WRITE(&,31)
31 FORMATC// /7942y

Lol 8 )
Ny

FY ]

49HVELOCITY FOR SELECTED VFLOCITY STATI
Figure 28. (Sheet & of 23)
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1ONS(ELEMENTS) ,///)
10 519 1 1,ISFTE:3
I1 =1 + 1
111 = 1 + 2
J o= NSFE(L)
IF(I1.GT.ISFTE)YGD TO ©16
J1 - HNSFE(TI)
IFCITI.GTL.ISFTEYGD TO S12
JZ 7 NSFEC(IIL)
WeITECS»2220 0 UCd) s V(D)o YC(I) s J1sU(J1) V(I e YC(D1) s J250CI2) »V(ID)
1»YC(JID)
60 TO O1i5
S$16 WRITE (692200050 V(D YCL)
GO TO C15%
7 URITE(H»221)J:UC ) V(I)sYC(DIsJLIsUCIL)»V(JL) VL (JY)
S CONTIMUE
21 FORMAT(IX»2¢IT»1Xs3E12.5:2)))
23 FORMATCIX»1(IG»1s3EL2,.35:224))
71 FORMAT(9H SOLUTIORN?
2022 FORMAT(A(IX1I451X9y2F7,3))
2023 FORMATL(D(24XrI4,1XsF8.3))
23 FORMAT(/,60X»13HSOURCE FQINTS»/)
24 FORMAT(1X,13,CEL12.3)
F: 25 FORMAT(1Xs2(15+0E12.5)
20

IFCCIFCONE.O) ORLCIFHAY. JRELO0))ICALL CPUNCH(NOLFTrIFHUAXsAFsUsVsRNOD
INELESHEQT s Xins IR MSF» ISF T, IFERs IDs IPCo HSFE, ISFTE IKT)

r 99 CONTINUE

L STOF

i END

[ ¥UECK CFUN

L SUEKOUTINE CFUNCH(NODF Ty IFHAXyAF sUrV ¢ NROD NELE s REQT %K s IKs RSP, ISPT

1, 1FER, 10, IFCyNSFEs ISPTE, IKT)

&. CRY RN AN AR RN RN R KRN AR KKK R KR AR KRR ERR XK AR AR RN KK KK
; c THIS SUEROUTINE FUNCHES CARDS FOR AMPLIFICATION ARD VFLOCITY

CREXREEE R LR L RN R RN KERKE D AR LR R AR AR R AR KRR R AR NN RN KRR LR KRR RN
DIMENSION AF(MEQT) >UCMELE) >V(HELE) » XK(23) s ID(20)5NSF(100) s IFER(S)
LAFT(S)Y s NSFEC(100),UT1(3)rVT1(I)

WRITE(6,101)
{ 101 FORMATC 4H “'C )
. WRITEC(S,10) 1D

10 FORMAT(20n4)
IF(IFC.EQ.0)GO TO 999
WRITE(&»50)ISFTHISFTEY IKT

S0 FORMAT(1X»31I3)

ISF = 1SFT/3

FISFT = FLDAT(ISFT)

FISF = FISFT/3.0
IF(FISF.GT.ISF)ISF - ISF+1

ICOUNT - 0
J1 = 0
J2 - 0

10 110 1:1,1SP
ICOUNT : ICOUNT +1
J1o: 42 ¢ 1

JUJl 44
IF(J2.0T ISFTIJ2 = ISFT
Hi = ¢

1O 112 J = J19J2
N1 = M1 ¢ 1
o= MSF ()
112 AFTCML) = AF (KD
b WRITE(6s111)ICOURT s XECIRK) s (AFT(R) sR=19N1)
:, 111 FORWNATCLIC,IS,F10,393F13,4)
: 110 CONTINUE
b ISFE = ISFTE/3
FISFTE=FLOATC(ISFTE)

- Figure 28. (Sheet 5 of 23)
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113

114
120

999
1000

1010

o

1100

30
1209

2000

¥[ECHK

FISPE=FISPTE/3.0
IF(FISFE.GT.ISFE)ISFE:ISFE+]

Kt - 0
K2 - 0
ICT = 0

ng 120 I1:1,ISFE

ICT = ICT ¢+ 1

KNl = K2 ¢+ 1

K2 = K1 ¢+ 2

IF(RN2,6T ISFTE)R2 = ISFTE

HL = 0

0o 3113 N-K1sK2

M1 = M1 + 1

J = NSFE(K)

UT1(M1) = UCd)

UT1(i11) vaed)

URITE(Ss 11 2)ICT o XKCIKI s (UTLI (M) »VUTI M) szl ML)
FORMAT(1X,I45F10.5s6F11.4)
CONTINUE

WRITE(6+150)

FORMAT(1X)

WRITE(65102)

FORMAT( 4H “’L )
IFCIFMAX.NE.O)GO TO 1000
RETURN

IF(IFMAX.EQ.O0)GD TO 2000

IC = 0
WRITE(651010)CIFER(I)»I:155) 9 XK(IK)
FORMAT(1X15MNA»F10.3)

[0 1100 I=1s,NNOI,11

IC-1C + 1

L1111

L2=L1 + 10

IF (L2.GT.NNQD)IL2 =~ NNOD
WRITE(S:20)ICy (AFCLY#L=L1,L2)
FORMAT(1X,14,2Xs11F6.3)
CONTINUE

0 1200 1 = 1,NELE»S

IC = IC + 1

L1 = 1

L2 = L1 + 4

IF(L2,6T.NELE) L2 = NELE
WRITEC(630YICs (UCL) YV (L) »L:=L1sL2)
FORMAT(IX, [4,24,3(2F7.3))
CONTIRUE

WRITE(651350)

WRITE(S:102)

RETURN

END

INFT

SUEKROUTINE INFUT2(C XsY»ROD,NCON

1+ NELEsNNOD sy KODOR s NCSyNEQT» NEANKD Yy NCEZ»y DD, IDFCs IiMs IUCH)

SRS 2SR 2SS SRRRT R A2 2222332333002 22 2333333 333332333325 333323333833

o

THIS REANS THE IMFUT DATA FOR 3-NODES TRINAMGLE ELEMENTS

(RSS2 2SIIRARAER RSS2 T2 223333¢23 33323333338 23333328 8828

c
[
C

COMMON/DE/ WKy ALFHAYTI1»DA2  HAAPRR s WR s XL s WL r RKHF ) HKL
DINENSION XONROD)Y s YCNNOD) s NODH(NNOD) s NCOR(NELE s 3) »DI{NELE)

CHRAXRRRXL XN E XN KR O RO KR H KRR KON R R RO R KM AKX MA R LR KRR R LR R

MOD(I)-EXTERNAL MODE MUMEBER. IEs ACTUAL MODE MUMBER ASSIGMED
X(IYy YCI): X=-AWD Y-COORDINATES OF ROD(I)
NCON(MINY li-TH-ELEMERT NODAL CONNECTIVITIESE N+I-J-K

CoA IR OR300 04000008 5050k 50K 30K K O0K R 0k 8 0K 8K 5 R0 R0% 80K 50K 5O OR300 0K KK % 5 KK Kk KKK X

NODEL -NNOD-NODR+1
NODEB2: NNOD-NODR

0g 18 I=HODEL>HNMOD
IFCIDFC O NELOYDDCIY - DM

Figure 28. (Sheet 6 of 23)
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19

40

400

S¢

70

419
416

*xDECK

NOD(1)=1
11 I-nJbbI+l
Nl

Aali- (3 1-1)4DA2

»elr: RR¥COS(AATD

yoIr- RRESINCAALD

ConTINUE

CiLL GLEFTHCIDFC:DDs»NNODsNODE2»NELEs IDCH)

pe 313 I-1eNODED2,2

71141

IF¢I.EC.NMODE2)Y GO TO 3314

FEADCA»316) NODCID o XCI) s YCI) o RODCID) s XCITID) YV (II)
60 TO 315

A READC423216) NOD(I) o X(1) YD)

CONTINUE

IFCIDNCH.EQ.LIFRINTY 316 (RODCI)sX(I)2Y(I)»1:-1oNNOD)
FORMATC 2(11092F10.2) )

FORMAT( I10s2F10.,2 )

IFCIDFC.NE.QXGO TO 400

Lp(1y = D¢ /DM

L0 40 I-1:NELE

CONTIMUE

GO T0 70

010 S6 I = 1,NNOD

DOCIY = DOCIDY /DM

CONTINUE

00 415 L = 1sNELE»4

L1 b

L2 L1 +3

IF(L2.GT.NELE) L2+ NELE

FEADCAyA16) ((RCON(LLsJ) 2 J=193)sLL:-L1sL2D)
FORMAT( 4(3X»313) )

IFCIDCH.EQLIIFRINT 4169 ((HCON(LsJI)sJ:=133)sL:=1sHRELE)
RETURN

END

DEFTH

SUBROUTINE GLEFTH(IDFC» DD s NNODsNOBR2: RELEsINCH)

Cxxyiny EXKRKEREERERKKERRKRRKKK

c
o

100

101

102

103

104

1035

-104

REFEXRKKKEXK

THIS SUEROUTIME READS LEFTH AT EACH SRID MNOLIE FROM CARDS OR USES
SFECINAL FPROCEDURES TO READ AVER. DEFTH FOR EACH ELEKENT
CERKEERXX EXRKEEXERERRRERERKKKREK

GIMENMSION DD(MELE)
IF(IDFC.NELO)GO TO 1000

SFECIAL FROCEDURE FOR IRFUT OF AVER DEFTH FOR EACHM ELEHMENT

00 100 I = 31,121
Lh(I) - 24,
CONTIMNUE
I0 101 I:1
nocIy - 24
CONTINUE
D 102 I-126,318
LO(I) = 24,
COMNTINUE

"0 103 I-319+336
DL(I) = 24,
CONTINUE

N 104 1:337,360
LueIy = 29.5
CONTINUE

o 105 13619371
opeIy = 24,
CONTIMUE

o 106 1-3729385
LneI) = a9,
COMTIMNUE

10 107 1-3861529

225125
.

Figure 28. (Sheet 7 of 23)
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DD(1)=21.
107 CONTINUE S
b0 108 1-530,2232 K
nopcIy = 38, R
108 CONTINUE . :
1o 109 1 =
DOCIy = A2,
109 COMTINUE .
Dp¢2334) : 38. o
IF(IDCH.EQ.L)FPRINT 20105 (DDCT) s 19RELE) o
2010 FORMAT(//5(12F10.3)) T
G0 7O 2000
c READ DEFTH AT EACH NODE FROM CARDS OF FERM FILE
27 FORMAT(B(I3,FS5.0))
1000 READC4»327)(1,DD(I1)sI:=1/RODE2)
IF(IDCH.EQ.1)FRINT 20105 (DD(1)»1:-12NNDD?
2000 RETURN
END ,
ALECK BAND -
SUBROUTINE BARD( NCON ST
1,NELE/NNOD,NDDRsNCS)NEQT » NEANDINCS2) A

2233,2333

FOPPIE T

. DIMEMSIGH MCNM(MNELE,3) o
g CREXRRERREREE R KRR L LXK ERREERERKIRR R LR R LR KL R T KRR R KRR KR AR KRR KA KK ERRRS
{ c THIS SUEROUTINE DETERMINES THE EARDWIDTH FOR TRIAWGLE ELEMENTS .
:: CRERRARKRARAR I UK ERRRRKR KK EX KA KRR KRR KRR E R KR KRR A AR KR A KRR KSR A KK ° i
MPS:= NODR+NCS : Wy

NMAX=1 -
E DO 74 L:=1»NELE L :
;ﬂ IMAX-=NCON(L 1) S

IMIN=NCON(L,1)
D0 72 K=1,3
IF(NCONCLsK) JLE. IMIN) IKIN=NCON(L,K)
IF(KCON(Ls+K) .GE. IMAX) IMAX: NCON(L/,K)
72 CONTIMUE
KK=IMAX-IMIN
IFCKK .GT, KMAX) KHAX=KK
74 CONTINUE
HBAND:=KMAK+1
NEARD: AMAXO ( MEANDI» MFS)
WRITEC(&»84)NEAND Y KEAND ) MFS
84 FORMAT(////1X140(1HD)>»/12H EAND WIDTH=+15s/27H BAND WIDTH W.R.T. &
ILEMENT=»15+/34H BEAND WIDTH W.R.T. SOUKRCE + EDARY=s15:/1%140(1H0)»/
e 2)
’ RETURN
END
*DECK NSBK
SUERQUTINE ASEMEBK(X:YrNCONsSYSK+SYSQ
1 »ST»MNGL
19NELE s NNOD s RODRyNCS sy NEQT s NRARIIINCS2,IIDs NELE3
1 JNLGGsINFCyIBUG)
RS2 323338332223 2233232223 332833 8823238333323 3 1 223222222ttt eL"

Pt i It
I R

i

. c THIS SUBROUTINE ASSEMELES ELK(I1»J) ---ELEMERT-~- INTO SYSK(IsJ) --
- c - SYSTEM ---,
- - c ELK= ELEMENT STIFFNESS WATRIX 3 kY 3
- c SYSK= SYSTEM STIFFMESS MATRIX MEQT HY NEAND .
CREXBEXERKARRKEELREREEERELRE LR EE LA R KRR LR KRR R KL RK KRR RN KRR RN KKKK EEENEN
I. COMPLEX SYSK,SYSQ,ST °
} COMMON/DE/WK s ALFHAS DL s DA2 s BAArRR s WF ¢ XL ¢ WL o RKHF ¢ HKL - .
- DIKENSION X(NNOD) Y (RNOD) yNCOR(NELE»3)»SYSQ(REQT)
N COMiON /NEW/ MUNMBLK,)MLG,NLOLsL11,LG>LA,»L3
- . DIMENSTION NR(3),ELK(313) s DD(NELE)
.- DIAENSION MR(3)
|- NINENSION ST(NGLsNEAND)
.. €  CHAMNGES
. DIKERSION SYSK(NLGG,NEANI)
LEVEL 2»SYSKsSYSQsST

Figure 28. (Sheet 8 of 23)
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DO 122 I=},NEQT

122 SYSR(1)-(0.0+0.0)
L2:0
CHAMNGES
L3: NLG#HEANDK2 T
LA=NLG¥2 S
D0 BEE 107 1rMUMELK )
LEM MLG - =
IF (IQ .E0, NUNELK) LEN:NLGL o
L2=L2+LEN e

L1 (10-1)XNLG+1

Li1-L1-1

[0 12 I-1,LEN

c CHANGES MALE
DO 12 J 1+NBAND
IF (1€ .NE. NUMELK) GO TO 7176
ST(I+0):¢0.0,0,0)
GO TO 12
7178 CONTINMUE .
SYSK(I+J): (0,050.0) .

12 COWTINUE S
10 25 L=1.NELE e ]
1601 R
10 14 J=1,3 -
MR (D) =0 o |
HR(J)z NCONCLyJ) .

IF C(NR(J).LT.L1),OR. (RR(JI.GT.L2)) GO TO 14
160-=2
MRC(J)=1

14 CONTINUE Lo
IF (IKUG.ER.0)GO TO 1000 .
WRITE(6930) CNCON(L»J) 9 J:193) -

10 FORMAT(1Xs4HXK2E1 31100 AHEKKE) P

1000 GO TO (23544),1G0 _ o

AAARASS
o]

AR ASLeS o

B . CEEaA AR FAeane

44 I1:NR(1)

I2=NR(2) e
I3=NR(3) R
X1:=X(I1) S
X2=X(12) .
X3:X(13) o
Y1:Y(I1) —
Y2=Y(12)

Y3=Y(1I3)
1F(IDFC.NE.O)GO TO 210 - )
19 = DDCL) RSN
GO TO 200 Lo s
210 O11:LDCIL) TR
1122D0(12) o
013-10¢13) T
D9=(011+D1240113)/3., e
IFC(L.GE. 1435, AND L, LE.1571)019=0,5 =

CREXHNELERE LN R KN KR EXEERRRRRRERRRE S

CXEXKRAAMEXREE SFECIAL STATEKENTS MAY BE ADDED TO COMFENSATE FOR  EXKXEXSRE RS

CE¥xXxxkxxkxx AVERAGING FROCERURE., FOR EXAMPLE» AS AROVE-=-  XEXKXKXR¥ERERS e

C¥tx  IF(L,GE.1235,AND.L.LEL1S71) D9 = 0.5 L2232 22398 -
CRIXKEXXRXEEARERKLE EEEERRERK ®
200 DIN = 1.0 -
CALL ELMK(YX1rX2sX3sY1 Y29 VIs WKy DI rDIRIELK+AREASL s NELEZ)

IF(IKUG.EQ.0)GO TO 1050
WRITEC(&910) CLELKCHIN) o N-F23) 9ki-143)
15 FORMAT(BELD.6)
1050 10 20 I-1,3
0o 18 J-I,3
IF(C HR(OJ)-NR(I) .GE. 0 ) GO TO 16 °®
IF (KWR(J) EQ, 0> GO TO 18

Figure 28. (Sheet 9 of 23)
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LR=NR(I)=-NR(J)+1

J1=RRtJY-L11

IF (1Q JNE. NUMELK) GO TO 7177 . R

ST(JLyLRI=ST(JLPLRIFELK(IV ) e

GO 70 18 ’
7177 CONTINUE

STYSKCJLLR)I=SYSKCJLILRIYELK(I» J)

GO T0 18 -

16 IF (NR(I) .EQ., 0) GO TO 18 Py
LS=NR(JI-NR(T)+1 o
J2=RR(I)-L11 NRRRE
IF (1@ NE. NUMELK) GO TO 7178 RO
ST(J2,LS) :ST(J2,LS) +ELK(I D) -
GO TO 18

7178 CONTIMUE
SYSK(J2sLS)¥:SySK(J29LSI+ELK(I» )
18 CONTIMUE
20 CONTINUE
2% CONTIMUE
IF (10 ,EQ. RUMELK) GO TO B88
La=10+10
CALL ECWR(SYSK:LAsL3sIERR)
IF(IERR.ER.1)GD TD 999
388 CONTIMUE ;
544 RETURN P
999 FRINT 777 el
777 FORMAT(20H WRITE ERROR INR ABSK )
STOP
END
XDECK GSPK
SUEBROUTINE GSFK(SYSKsXJsr XYV rXHsDH»ANGL
1IyNELE+NNODsNODRINCSyNEQT»NBANDNCS2NODRL1 VI VY rRLGG» IBUG)

c CHANGES MARE T

(R 322SR RARAFR R38R 3223332223223 333332233333 322032222338233323%+4 . @ ‘

c THIS SUBRDUTINE OBTAINS MATRIX K2 + K3, AND STORES IR THEIR

c CORRESFONDING ADDRESSES IN SYSK(I,J) .
Al

CREEXKERRELEEEX KRR KL ERE RN AR AL KKK R KRR KRR AR E KA RERRB S SRR AR K%
COMPLEX XHsDHysTHISYSK ST
COMKON/DRB/ WKrALFHAD1 »DA2sDAAsRReWR XL s WL o RKHP s HKL S
DIKMENSION SYSK(NLGGs NEARI) s X JCNCS) 1 XY(NCS) s XH(NCS) » DH(NCS) LT

15 ANGL (MODRD)
DIMENSION VJC(1)sVY (1) @
LEVEL 2,8Y5K .
CONKON /NEW/ HUMBLK,NLGsNLGLsL11,LS o~

1,£45L3

CREXEABXRXEIEREFKRERERERRKAERKEAMRERLEEERRRRKERRKKRER KRR ARRKR KK KL L ERKXK

c OBTAIN BESSEL FCN XJsXYsXHrDH R

CREXERERRARELEEE N LR KL REE R LR ER LR L ERE KRR KKK R LKL E AR KR KA RAXK S 'f"‘:“
WR= WKXRR v
XLz RR¥DA2 N
WL WARXL '
B0 12 I-1sNCS L
I1=1-1 L
FNU= 0. RIS
CaLL BESSY(WRyFNUsII,VJsVY) o
XJCI) VI R
YYCI) VY (D) ’ :
IF(IRUG.EQ.0)GD TO 12 @
WRITEC6120) XJCIDeXY(D)

12 CONTIMUE
10 13 I-1sRCS
XN: FLOAT(I-1)/WR ‘
XHOT)-XJCI)4(0.0,1,0)8XY(I) o
1IFC I .NE. 1) 6O TO 9 LT

DH(1)-=XJ(2)=(0.,0,1.0)EXY(2D) U e
GO 10 10

Figure 28. (Sheet 10 of 23)
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At

9 DH(I)=(XJ(I-1)-XN*XJ(I))+(0.0,1.0)*(XY(I-1)-XN*XY(I)) o
10 CONTINUE
IF(IBUG.EQ.0)GD TO 15
WRITE(&¢20) XH 1) sDHII)
15 CONTINUE 1
20 FORMAT(9H GSFK EBY:4E15.6) :
1520 FORMAT (20H BLOCK ERRKOK IMN GSFK +I5) - ]
(222 3332 3R AR S Y TP AN AR s 8232332322388 3322338222212 1322¢2¢2¢%% Py
¢ STORE THE UPFER TRIANGLE ELEMERT OF K2 IN CORRESFONDING ALDRESSES i
c IN SYSK(I,J) R
3 338 Rt 3313932228 3332132323333228322828 383308 TtsttttatIrtoIr AR
RKHP= 3,1415926S&WR3DY RINEII
DD 3B I-1,NCS R
11:NNODHI-L1L SRR
NLLL:1 S
IF (I1,LE.O0 .OK, I1.GT.NLGG) GO TO 15351 °
CX-:0.,5
IF(1.EQ.1) CX-1.0
SYSK(I1,1)=SYSK(11»1)+CXERKHPEXH(I ,4DH(I ) :
38 CONTIMNUE o
(2 22 2t T TR e I N33 7333232332323233323%23233%%18 ) T
c STORE K3 IN CORRESFONDIMG ADDRESS IN SYSK(1,J) i S
Cttltttltttttttxttl#ttltttllxtttttttlitttttt!tttt#ttttttltttlttttttttt A 'j
DO 40 I:1,NODK1 °
40 ANGL(I)=(I-1)%DA2+DA4 4
HKL--WL¥D1/2, L
N1aNNOD-MODR
DO 48 1:1,NODR )
TI=N1+I-L11 : .
NLLL=2 . .
IF (II1.LE.0 .OR., II.GYT.NLGG) GO TO 1551 . )
{. 11:1-1 °
NODRI=NODR+1-1 g
DO 48 J:=1,NCS S
JJI=NODRI+J S
IFC J .GT. 1) GO 7O 42 e
TH :HKLXDH(1) T
IF(I.6T.1,AND I, LT.NODR) TH-2,0%TN -
GO T0 44 ' )

42 J2=3-1 o
IF(I.LE.1.0R.1.BE.NODR) GO TO S1 -7
AL-ANGL (1) %J2 ]
A2=ARGL(I1)¥J2 T
TH=HKLEDHCJ) E(COB(A2)+C0OS5(AL1)) AT
GO TO 44 I

S1 IF(1.EQ.NODR) GO TGO S2 AR
A1=ANGL (1)%J2 e
TM=HKLEDH(J) XCOS(AL) "o
GO TO 46 . 1

%2 A2:-ANGL(11)%J2 .
TH=HNLEDH( J) %xCOS(A2) S ]

46 SYSK(II+JJ)-SYSK(1I2JJ)=TH Co ]

43 CONTINUE R
IF (NUMELK .ECQ. 1) RETURN
LS -NLGGANBAND &2
Lé=L A+ ®
CALL ECWR(SYSKsL&/LT»IERR) 1
IF (IERR.EQ.1)GD TD 2000
IF(IKUG.EQ.0)GO TD 3000 .
FRINT 1018y (SYSK(I+1)9SVSK(I,2)s1: 1,NLGG»4) NS

1018 FORMAT (1X14614.3) T

32000 RETURN S

2000 PRINT 999

§99 FORMAT (20H WKITE ERROK IN GSPK )
STOP @

1551 FRINT 1520, NLLL

T‘rii

!
R

1
X
g

Figure 28. (Sheet 11 of 23)
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STOP
END
*LECK LOAD
SUBRDUTINE LDAD(SM,SYSDQsXJsDHs ANGL
1+ NELE » NNODNODRyNCSsREQT » REAMD I NCS2+RODR1y IEUG)
Ctti*tttttttltll*#l*tltiltt&l!tttit*klltt‘!*tl#X#lltttt!ttl*tﬂl!#ﬁ‘i*‘
c THIS SUBROUTIME GIVES LOADING TERMS @ SYSQ(I1)
CRURAKEER AL EE L RLRR LR LR RN PRI AR E AR RB LR R LR IR R KR KA REA R B RN R R AR KX
COMFLEX DUMY,SisSYSQrDHy» TM»CiHsDUNM2
COMMON/DE/ WKy ALFHAsDLcDA2 U2 RRIUR XL r WL o RKHF ¢ HKL
DIHENSION SH(NODNRL)SYSR(REQT) +DH(NCS) »XJ(NCS) s ARGL (HODR1)
LEVEL 2,8YsQ
DWL=0.S¥D1XWL
Ctttttt‘l*ttttﬁ*ttttt#*ttt*ttttttttttl#lttt*#t*tt*tl!t#tll!ttltt!tt*tt
c CALCULATE LOADING TERMS W.R.T. NODAL FOTERTIAL + SYORE IR SK(I)
c AND THEN IN SYSQKI)
C!i*ttxtttttt#ttttt*tttttt*ttttt#tt#ttt*tlt!tttt#!ttllttltttttttlttttt
0o 12 I-1,HOORY
THETA= ANGL(I)
CX=COS(THETA-ALFHA)
AUG-WRXCX
DUKY: COS(AUG)I+(0.,0+,1.0)%SINCAUG)
C2=COS(THETA+ALFHA)
AU2: WRXC2
DUM2-C0S(AU2)+(0.0,1,0)XSINCAVR)
SH(I)=DWLE(0,0r1,0)§ (CXXDUKY+C2XDIUMD)
12 CONTINMUE
IF (IRUG.EQ.0)GO TO 100
WRITE(4618)(SH(I)+1~1sHODK)
8 FORMAT(//v(7E13.7))
100 M1 = MNOD-NODR
[0 16 I:=1sNOLK
I1=N1+1
IF(1.EQ.1) GD TO 14
IF(I.EQ.NOUR) GO TO 135
I1-1-~1
SYSQR(I1)=8YSO(I1) +SA(II4+SMIII)
GO TO 14
14 SYSQ(I1)=8YSQ(I1)+Sk (1)
GO TO 16
15 SYS0(31)>=5YSD(I1)+SKH{NODKL)
16 CONTINUE
IF(IRUG.ERQ.0)GD TO 110
WRITE(6+8) (SYSQ(I)»I~N1sNNOD)
Ct(*t*tttttttttttttt!!ltt!ttt!tttttt*ltt!*!ttiX**i!tﬁlt!*t#!tltt!*tt!#
c CALCULATE LOADING TERMS W.R.T. SOUKCES AND STORE IN SYSa(I)
Ct!ttt*tt!lttttttttttttttttltttt#tt‘tllttttt*l#!t!ittttttt‘tli!t#‘tltt
110 RKHF2:2.0%RKHP
DD 20 1::1»NCS
NNT:= HMOD4T
11-1-1
AT-ALFPHAXII
CM: (0,003.,0)8%11]
TH=CHXJ(I)EDH(II¥COS(AD)
SYSG(NNI): SYSRINRI)-RKHF2XTM
40 CONTINUE

RETURN

END
sLECK ELMT

SUBROUTIKE ELMK(X1sX2923+Y1sY2sY3 WK+ DsDIRIELKsAREAILUMY

INELEDZ)
CJtttttttlttttttttt*tttttttttttttttttt!ttttttltttttt!tlt‘l!tt!ll!lt!ll
c GEMERATION OF TRIAMGLE ELENENT MATKIX ELK
c pIN=1.0 IF IN OUTER DOMAINT D:-D1, HELMOTZ EQ.
c FIN: 0.0 IF UNDER FLOATING EODY? 002y LAFLACE EQ,

CHEXEisEsrdkEE XL RERELY 13222 2333323235333 323333 2232433283323 228 81

Figure 28. (Sheet 12 of 23)
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DIMENSION ELK(3,3)
DO 8 1:1,3
00 8 41,3
8 ELK(I,J)= 0,
El= Y3-Y2
E2= Y1-Y2
B3 Y2-Y1
G1= %X2-X3
2= X3-x1
£2= ¥1-X2
HWREN= 0. SE(E1¥C2-K2%C1)
G=32.2
FAC:-2.%AREA/B
LUML:-3XLUM-2
LUH2-=3kLUN-1
LUM3:=IXLUM
1IF¢ AREA .G6T. O, ) GO TO 10
WRITE(6r100) AREALUM
100 FORMAT(1X,23H DEBUG ELMK 3100» AREfA =sE12,550H  AT»I5s11H~TH ELEME
INT)
sToP
10 A4=4,%NREA
WKVDI=WK
WK=WK/SQRT(D?
WKA:= DINRWKEWKXAREA/12,
ELK(1s1)= ((B1¥B14C1%XC1)/AA-2,XWKA)XD
ELK(192)= ((B1E£R240.:C2)/784-  WKA)XD
ELK(1¢3)= ((B1XB3+Ci:C3)/A4-  WKAIXD

PR

arxin S8 w4
4

i _2

c ELK(2y1)=ELK(1+2)
ELK(2+s2)= ((B2¥B24C2%C2)/AA-2,XUKA) XD
’ ELK(2s3)= ((B2XB3I+C2%CI) /A4~ WKA) XD
' c ELK(3r1)=ELK(2,3)
c ELK(3¢2)=ELK(2+3)
[ ELK(3¢3)= ((BIXR3I+C3IEC3)/A4-2,.%XWKA)XD
- WK =WKVD
. RETURN
END
sDECK EBESY
SUKROUTINE BESSY(X:FRUsRsBJsBY)
c KESSY NYU MATH UTILITY SUBROUTIRE FOR BRESSEL Y 3/153/64 F. RAGUSA
DIMENSION BJ(1),BY(L1)
c DIMENSION BJ(1),BY(1)
EQUIVALENCE(FM)NF)
c
XSAVE:=X
Mi=N
MF::133070
EJ(1)=FH
CALL HKESSJ(XsFNU,FNsBJ)
BY(1)=FN
YNU-BY (1)
N=i41
BY(2)=X
X=XSAVE
c

NN=-IABS(N)
N1-=NM-1
CONET:=-2,0/X
FI=,334159265E401

Cc
IF(¥=-10.0) 30+19:1°9
30 X10:X423.0
K10:-%10
N1O-NM+10
M= MHAXO(K10,N10)
c

Figure 28. (Sheet 13 of 23)
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IF (x - 1.0) I, 1, 3
KF-172,693887(3,6888795-ALOG(X))
M=AINO(MsKF)
GO 710 2
KF-39,0%X4%.3333333
M=HINOCM I NF)
M- fi/2

=2%1L
ARG FNUXFI
GARG=GAMNACL . O+FNUs 0. ) X2

COMFUTE GadMNA ZERO EQU. 15,FG. T » IF NU:-0 USE EQU. 14,

IF(FNU) 13916515

TERM =(1.0/F1)% COMST %%¥(2.0%FMNU)

GAM1- COS(ARG)/SIN(ARG) - TERMX(GARG/FRU)
COMFUTE GAKMA ORE “OR NU NOT EQUAL ZERO.
GAN2:2.0 ¥ TERM % GARDG x (FNU$2,0) / (1.0-FNW)
GO 70 10

COMFUTE GAMIA ZERD ARD ORE FOR NU EQUAL ZEKO.
TLOBG = ALOG(X/2.0)

A=.57721566AE400

PIN:=2,.0/P1

GAN1:=FPIHEC(A+TLOG)

GAI{2=4,0/FI

COMFUTE GAMMAs YRU» O&RD EY(1)s ARD EY(2)
EQUATIONS 135917 AND 18,

BY (L) 0.0

BY(1):=0.0

GAM3::0.0

E1=-(1.0/FI)XCONST %¥¥(1.0+¢2.0%FRU) x GARG
BY(2)-E1kBJ(L)+BY(D)

E1:CAM1-GAN2/2,0

BY(2) =E1%XEBJ(2)+RY(2)

YNU:=GAMI¥ERJ(1)

TXNU=-3.0%FNU/X

AR=AES(RJI(1)) - ,000005

I12=1

MF1l:=k+1

[0 11 I:2+MF1
12 = 12 + 2
F1 =1

FIM = I-1

FI2 - 2%1I

LENOM = FIX(FI-FHUIX(FHU+F12-2.0)

GANZ = (FNUHFI2)$(2,0¢FRU+FIM)E(FNU+FIH)/DENOM

GAN3 = -GNHUIXGAM2

YNU = GANM2XEJ(I2)+YNU

IF(nK)18,18,23

WHEN J(WU) IS NEAR ZERO COMFUTE EY(2) FROM EQ. 1RsELSE EQ. 17.

E1< TXNUXGANM2

BY(2)-E1xRJ(I2)4RY(2)

1IF(I2-K) 20+110,110
E1=(GAMN2-6GNAM3) /2.

BY(2) :E1ERJCI241)4ERY (2)

GAM1 =GAM2

50K 6ANI

EY(1)=YNU

IFCAR) 19,195,117

EY (2)=(YNURRJI(2)-2.0/(F18X2)/EJ(1)

Figure 28. (Sheet 14 of 23)
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IF N=0 OR 1 GO OUT ALL kY S COMFUTED.
IF(N) 30,49,20
IF(N=-1) 49,49,21

COMFUTE Y(R+1) BY RECURRERCE

L0 22 I:1sR1
FI1=1
BY(I+2):CONSTH(FIL+FNUIXBY(I4+1)=RBY(I)

RETURN
IF(FNU-.500000) 54:53,54
EY(2)=BJ(1)
IF(RN=-1) A49261+60
ARG>=-1.,0
BY(J3): ARGXRJI(2)
BJ(2)=~CONSTEFRUX¥BJI(1)-BJ(D)
ARG:-ARG
IF (NN-2) 49+51+56
[0 G5 I=2,N1
BYCI142):-ARG¥RJI(I+1)
ARG=-ARG
GO TO 51
BY(2):CONSTXFNUXEY(31)-EY(2)
BJ(2)-CONSTEFNUXERJI(1)-BJ(2)
IF(MN=-1) 49,49,31
FRAC:=FNU
D0 52 I=1sN1
FRAC=FRAC-1.0
BEJ(I+2)=CONSTEFRACKEI(I+1)-EJI(])
IF (FMU-.50000) 58+52,58
BY(I+2): CONSTEFRACEBY (I41)-EY(I)
CONTINUE
GO TO 49
BJ(2)=CONSTEFNUXBJ(1)~EBJ(2)
GO TD 49

ENT
GAMA
FURCTION GAMMA(UIV)
DIMENSION EB(B)
B(1)= ,035868343
B(2):~-,193527818

B(3)= ,482199394
EC(4):-,756704078

B(S)= 918206857
B(4):=:-,897054937

E(7)= .98820%58%1
E(B)=-,377191652

A=y

X=V

¥N:13,0

IF(AY4»2+3
IF(X-1.0)400054000,5000

2 = AINT(A)

Y=ARS(Z-1)

EFS:3.0E-8
IF(Y-EFS)21+21,%5

n=Z

GO 10 22

Y-1.0-Y

IF(Y-EFS) 61693

A—Z-I.O
IF(X-1.0)4000+4000,5000
IF(X)711000,7
IF(X-1:019+9,8

Figure 28. (Sheet 15 of 23)
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)

I

p

10
11

12

13

S001

4000

4001
4011

4002

4003
4004

4005
4008
4009

4010

4006

IF (A) 5000, 10, 10
IF((X/A)=-1.,0)1000:5000,5000
IF (AES(A) -1.) 11,1000,1000
IF(X-,1)1000+12512
JF(X=-.2)13:14,14
AN=140.,0

GO TO S000
IF(X~,4)15+16+14
AN=80.0

GO T0 5000
IF(X-.6)17,18,18

XN+ 80.0

GO TO 5000
IF(X-.8)19+20,20
XN=40.0

GO TO 5000

AN:20.0

XFT=X

N=XN

L0 5001 Is=1.N
XFT=(XN/XFT)+1.0
XFT:=((XN-A)/XFT)+X
XN=XN~1.0

TEM = (ALOG(X)XA)=X

GO 70O 46000

SUM=0.0

ANS =XFT

XFT = EXP(TEM)/XFT

EPS :1,0E-8

XM-1.,0

XMT=1.0

EX=-1.0

TEM=X

Y: TEM/ (XHTRXM)
SUM=SUM+EXxY

IF (ABS(Y)-EFS) 4003,4002,4002
TEM=TENKX

XM=XHU+1.0

XMT = AMTAXM

EX==EX

GO TO 4001
E:=ALOG(X)=,57721544~SUM
IF(AYA40051400454005
AMNS=E

GO TO 6000
IF(A4+2.0)4010,4009,4008
ANS =-E+EXP(=X)/X

GO TD 6000
SUM=(1,0/X)=(1.,0/7(X%X))
ANS=(E-EXP(-X)XSUIIX.5
GO TO 5000

EX=-1.,0

N=-A-1,0

XMT:-1.0

SUM=0.0

TEi4=X

LD 2006 I=14N

TEM -TEMRX

XM=T+1

Y=XKT/TEM

SUM-:SUM+EXaY

EX- -EX

XMT=XMTERXN

SUi4 =SUit+1.0/X
T=E-EXF(-X)¥SUM
YzAKS(A)

Figure 28. (Sheet 16 of 23)
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ey
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‘!lf-'“'.

496?

1000
1004
1003

1005

1001
1006

1007
1011

1009

1010

1012

1002

1013

1013

1014

10146

2000
2001

2003

6000

xDECH

o

EX=-1.0

xnT-1.0

N=Y

L0 4007 1=2,N

YM=1

YHT: XKhTxXM

EX=~EX

ANS:=ZHEX/XMT

GO TO 6000
IF(A-1.0)1001,1003,1004
IF(A-2,0)1003,1003,1002
AT=A-1.0

ATM=R(1)IXAT

00 1005 1=248
NTM=(ATEHIE(T) ) XAT
AN>-ATMN+1.0

GO TO 2000
IF(A)Y1007+100691006
BN=A

BS=A

GO TO 1010

BRN=A

BS=a
IF(ES)1009+1010,1010
ES=RS+1.0

EN:=:RSKEN

GO TO 1011
NTM=RSXB(1)

o 1012 1=:2,8

ATM= (ATH4+R(I))¥BS
ANS:=(ATH+1.0) /BN

GO T0 2000

EN=A-1,0

ES=EN
IF(2.0~RkS)1015,1014,1014
BS=BS-1.0

BN=ES¥BN

GO TO 1013

ES=EKS-1.0
ATM=KSXB(1)

DO 1016 I=2+8
ATHM=C(ATH+ER(I) ) XBS
ANS:=(ATH+1.0)XBN
IF(X>2001,4000:,2001
W-1.0

XM=1.,0

SUM=1.0

EFS~1.0E-8

W: (X/7CA+XM) ) BUW
SUM:=SUM+W

XM:=>H+1.0

IF (ABS(W)~EFS) 2003,2002,2002
T=A%ALOG(X)
T=E)F(T-X)/A
ANS:-ANS- (TXSUM)
GANMAT-ANS

FETURN

END

KESJ

SUBROUTINE BESSJ(XsFNUIFNsF)
KESSJ NYU MATH UTILITY BESSEL J SUBROUTINE 3/13/64 F. RAGUSA
DIMENSION F(1)
EQUIVALENCE (FFHHF)

N=FN
NN=IAKS(N)

Figure 28. (Sheet 17 of 23)
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WHEN BESJ HAS BEEN CALLED BY BESY F(1) WILL CONTAIN INTERGER 131070
Fhu=-F(1)

IY:=1

IF(VF-131070) 2+1+2

Iv:2

2 CONST=2.0/X

'

IF(X-50.0) 4:8,8
X10=X4235.,0
K10=X10

N10O -NH+10

40 M-HAXO(N10sH10)

o

IF(X=1,0) 3:3141

3 KP:-(172.693887(3,6888795-AL0OG(X)))-1.0
M=iINO(HIKP)
GO TO 4

41 KFP=39.04Xx¥,.3333333
M=MNINO(NIKF)

4 MK/2

43 K--2%M+1
K2:=K+1
K3: K42
F(K2):1,0E-33
F(1.3):0.0

005 L=1,K
I=N+1-L
FLI=I
D FCID=CONSTR(FLI+FRNUIEIF(TI41)-F(I+2)

FIND ALFHA EITHER FROM EGUA. 12:FAGE A4 WHER ) 18 LESS THAW 8.0
DR FROM BESSEL FUNCT. FOR LARGE AKCUMERTS WHENW ) 18 :0R GREATER.

IF(Y-10.0) 7,848

7 PHI-FHU+2.0
ALF=FHI¥F(I)4F (1)
MO=3

101% I:24M
MO-HMO4+2
FM2:2%1
FM1:-1-3
Fi=1
TEMF=z ((FNU4FM2)IR(FNUSFML) ) Z(FIK(FRUYFI2-2.0))%FHI
FHI-TEMP
15 ALF: FHISF (HO) $ALF

ALF --CONSTHEFNUSGAMMACFNU+1,0:0,)%ALF
I1=1

FIND J(H) EQUATION 7,FAGE 3»WHEN X LESS THAK 10.0
OR J(2) 9 J (B vasar (M) FU2)/ALFHAY o+ o 1 FUI) /ALFHA WHERE
ALPHA= FCL)/73CL1) AMO JC(1) AXCOSC(FHT) FROHK FATH 8.

16 D017 1 11sK
17 FUI) :F (1) /NALF
TEST FOR NEGATIVE N ARD RECONFUTE FS EY RECURSION.
IF(M) 18,22,22
18 IF(IY-2) 19+22,19
19 F(2) -COMSTXFNUVF(1)=-F(2)
IFCIIN=1) 22/,22,20
20 FRAC-FNU
N1-HWN¢+1
o 21 L-3eN1

Figure 28. (Sheet 18 of 23)
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Ty

FRAC=FRAC-1.0 ]
F{L):COMNSTAFRACIF(L=-1)~F(L-2)

IF ENTRY WAS FROM BESY RETURN A VALUE FOR Y(1)
FLACE OF N.IY WILL EKE EQUAL TO 2 IR THIS CASE,

IN

OGO

22 GO 10
23 Fa oYl
X=Y2
RETURN

(24922304 1Y

FATH 8., WHEN ) IS GREATER THAN OR =70 10.0
COMFUTE J(1) FROM M.GOLUSTEIN PAFER KESSEL
FUNCTIONS FOR LARGE ARGUMERTS.

OO0 O

8 ROUNT- 1
GNU=-FNU

Co :

Ci
c2
c3
€4
CS
Cé
c7
[%4-]
ce

3
25

0135625
==.375
41171875
==1,1042%
1,875
~.952148437E~01
:-2,38671875
:14,2265625
~-19.68750

C10-.809326171E-01
€11--,410058593E+01
C12-.,582246093E4+02
€13:-277.87500
£14:354.3750
C157.A146466666E-01
C1é6+-.29
C17:,125E-1
€18: -.250
C19-.358035718€E-03
C20-- ,424107142E400
£21::3.60267857
C22::-53.62%5
£23-..30381944E-02
.24:-,486111
C25: +102864583E402
£C26--38B.0
€27:78,75
® AL1: GNUR®2-,725
A2 CoxNLL
A4 = CLlxALL
Ad=(NA+C2)I)XALL
A6=C3xnl1
ne=(A6+Ca)XALYL
Ab=(A6+CS)IXALL
a8-<Co%xALll
#3=(nNB+C7 IrxAL1
AB=(nB+C8 ) ¥ALl
aB-(AB+CY rxaLl
¢#10 C10¥AL1
410:(A104C11)xALY
A10=(A10+C12)%¥AL1
n10° (H10+C13)%ALL
A10- (A10+C14) %ALY

FI-,214159265F+401
15-1.0/X
T2-TS» %2

Figure 28. (Sheet 19 of 23)
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B=A10*T2+AB
E=BiT24A6
E=E&T24A4
E=EXT24A2
ENU-EXT241,0

ANU-BNU/SQRT (. S¥FIXX)
c FAGE 205 EQUATION 12 TO GET FHI ZERO

A2=,5%AL1
A4.:C13xAL1
Ad:=(AA4C16)KNALL
hé:C17%AL1
Aé-(n&tC1BINALL
Ab=(A6+.7T) %ALY
AB:C19%AL1
nB=(AB+C20)XAL1
AB=(AB+C21)XALL
AB=(AB+C22)%AL1L
£10:-C23xAL1

AlO- (N10+C24)%xAL1
A10=(A10+C25) 4AL1
n10=(A10+C26) XKALL
Al0- (R104C27)%xAL1

E=A103T2¢4nN8

E=BEkT2t+Aé

h=ExT2+n4

E=RkT2+A2

TFHI=E$%T241.0

FHI -TPHI®X-(GRU+.5)%(F1/2,0)
COF=COS(PHI)

SIF~SIN(FHI)

F1=ANUACOFP
Y1-ANUXSIP

IF (KOUNT~-1) 10»,10,11

10 FSAVE=F1
YSAVE- Y1
GNU:=FNU+1.0
KOUNT=2
G0 T0 9

11 F2:F1
Y2-Y1
F1-FSAVE
T1=YSAVE

IF(X-50.0) 110s+111,111
110 IF (ABRS(F1) - AES(F2)) 12:12,13
111 F(1):=F1
F(2):-F2
IF(M) 185229112
112 IF(N-1) 22,224,113
113 M1 -MM+1
FL1I:0.0
L0 114 I:=3sN1
FLI-FLI+1.0
114 FOI)=CONSTH(FNU+FLIYIF(I-1)-F(I-2)
GO 170 22

12 ALF-F(2)/F2
GO TO 14

Figure 28. (Sheet 20 of 23)

65




13 ALF=F(1)/F1
14 F(1)=F1
F(2)-F2
11=3
GO T0 16
END
XDECK RANMDS
SUBRQUTINE EKANSOL(A»DyBy NN s HE s NUKELKsNEQTsLLLsEsNLGLF)
q COMPLEX F
1 DIMENSTION F{NNyiilh)
s COMFLEX AsE»D>CrE
' DIMENSION A(LLLsHEIsD(1)sBCL1) sECNLGL » MM)
. LEVEL 2:A»IEESF
NNN=-LLL/2
NQ=MM¥MM
NEL:= NN
MR=NQ¥2
MQQ-1Q
HEAND=MM
NHELO=NN
NR=0
60 7D 150
100 KHE=NE+1
IF (HUNBLK-RE-1) 103,104,101
104 “OQ=NNMAMMX2
NELQ= NRN
GO0 TO 101
103 HEL=NNN
C CHAMNGES
3 101 [0 125 N=1yNBEL
NM-=MMEN
E(N)Y=R{(NM)
* P(NM)=0,0
M0 125 H=1sMM
A(NsMI--A(NMI M)
125 A(NMYN)I=0.0

e e gr3 4 "'.',

T

L [ NO CHANGES
3 IF (NUMRLK -NE) 130,200,150
- 150 NQQ@=NBE+11
IF (HELR-NN) 109,110,109
110 CALL FILL (AsFsyBrDyNEsNRyNRNIREANDYLLL s RRR MQD)

GO TO 126
109 CALL FILL C(AYEsErDsNEsKNsNNNy
1 NEAMD,LLLNQQ,NOQQ)
126 IF (NE) 200,100,200
200 0 300 N-1sMBL
IF (CABS(A(N»1)») LT, 1.0E-30) GO TO 999
25 BR(N):=B(MY/ZA(N» 1)
DO 275 L:=2+¢MM
IF (f(NsL)) 23092759230
230 C-A(NSLI/ZACM 1)
I=R+L~-1
J=0
I'0 230 K=LMM
JeJdtl
290 A1y D)= ALT»I)-CXAINIK)
E(I) B(I)~A(NsLIXE(N)
ACNILY-C
275 CONTINUE
300 CONTIMUE
iF (RUMELK-NE) 375,405,375
375 HMQZ- (ME-1)4+11
NEMN=NERNN
[0 127 N=1sNN
NC :NENN-MM+N . ®

Figure 28. (Sheet 21 of 23)
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600

S5

777
444
466
388
999
998

XDECK

1
999
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¥LHECK

Al s R P AR R B Al Y i i Su A Muge Sunde i

D(NC)=B(N)

010 127 M=12NRAND

FINsid) -ACNIM)

CALL ECWR(FsNQZ »HQyIERR)
IF (IERR .EQ. 1) GO TO B88
GO TO 100

CONTINUE

L0 450 iM=1sNBL

N=NBL+1-M

L0 423 N:=2)MM

L=H+kh=-1
E(NY=R(N)-A(NIKIRER(L)
NM-M+HNN

E(N+HN)=E(N)

ACNMIHE)=R(N)

NE=ME~1

NEL= NN

IF (NR) 475950094793
NaQL--(ME-1)+11

CaLl ECRD(FsNQLHQRsIERR)
IF (IERR +EQ. 1) G0 TO 777
U0 138 M=1,NN
NC=HRBENN-KRN+N

B(M)=D(NEC)

DO 136 1=1sNEAND
AINr M) =-F (NI M)

GO TO 400

=0

[0 600 NB:1sNUMELK

IF (NB LEQ. NUMELK) KREL=NNN
0o 600 N=1,MBL

NM=I+HNN

K K+1

D(K)~A(NKINB)

RETURN

N1

FRINT 84669N

FORMAT (10H ERROR KO« I10)
STOP

N=2

GO TO 444

FRINT 998sA(Mv1)sN

FORMAT (13H DIAG TROUEKLE s3X»2G613.,5,195)
STOP

END

FILL

SUEBRDUTINE FILL (AsEsByDsRE)NMsNNsRBDyLLLYRQQ,MAR)
COMFLEX AvH2DsE

DIMENSION ACLLLYRED) »B(1) s D(1)9E(RNsNED)
LEVEL 2+Ar»E»E»D

NEN: NE¥XNM

CALL ECRD(E»NQQRsMQRO»IER)
IF (IER .EQ. 1) GO TO 999
D0 1 N=1,MN

NC:=REN+N

NNN-NM+N

EONKNY=DH{NC)

10 1 KH=1,NED
A(NNNs M) -E(Ns M)

RETURN

M=

FRINT 666N

FORMAT (10H ERROR NO. »ID)
STOF

END

ECUR

Figure 28. (Sheet 22 of 23)
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SUBROUTINE ECWR(S,L1,L2,IERR)
LIMEHSION 5(1)
LEVEL 2+5
IERR -~ 0
KEWIND L1
WRKITE(LY) (SC(I},1 1,+12)
1F(UMIT(L1).GE,0,)IERR = 1
RETURN -
END . @
XUDECN ECRD L
SUEROUTINE ECRINSsL1,sL2yIERD) - L
DINEMSION S(1) IR
LEVEL 25 AR
IERD = O LT
REWIND L1 N
READIN(L1) (S(I)sI=lsL2)
‘i IFCCEOFCLL) WNEVO) . OR, (JOCHEC(LI) .NE.O))IERD = 1
FETURN
- END

Boa aialaiiia cal
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DATA SET NO. 1 - ®

CARD NO. 1
Col. Format Variable Name Description
1 - 80 20A4 ID This card contains alpha=-numeric .
title that appears in the R R
output for job identifi- ®
cation ey

CARD NO, 2

1 -5 I5 NBAND NBAND equals either the maximum
difference between two nodes ®
or the sum of NCS and NODR,
whichever is greater.

6 - 10 15 IPR IPR=1, input data check - e¢cho

printed .

IPR=2, echo not printed - ]
L

11 - 20 F10.2 RR Radius of the semicircle (feet) !
21 - 30 F10.5 ALPHA Wave angle of incidence i;:
31 - 40 F10.5 DM Water depth of the node on the ',i
semicircle - }
1

41 - 46 16 IBLKLEN The value of IBLKLEN should not ®
exceed 31000 :

CARD NO. 3

1 -5 15 IPC 1PC=0, the elevation and velocity
at selected elevation
stations are omitted

IPC=1, the values are printed

6 - 10 I5 IPMAX IPMAX=0, subroutine CPUNCH will
not be called

11 - 15 15 IDPC IDPC=0, special procedure for
input of average depths for
each element is used

IDPC=1, read depth at each grid
node from cards or from
the data files

16 - 20 I5 IDCH IDCH=1, element number, nodal
point, and depth of each
element and the x and v
coordinates of each node
are printed

21 - 25 15 1BUGA IBUGA=1, ELK (element stiffness
matrix 3 x 3) are printed
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Col. Format Variable Name Description

26 - 30 15 IBUGG IBUGG=1, SYSK(1,1) and SYSK(I,2)
are printed

31 - 35 15 IBUGL IBUGL=1, SYSO(I) are printed

36 - 40 15 IDISP IDISP=1, dispersion included

41 - 45 I5 ICIRC ICIRC=0, for semicircle grid

ICIRC=1, for circular grid

46 - 50 15 NC NC=0, selected elevation stations
(nodes) will not be punched

CARD NO. 4
1 -10 Fl0.2 T™MIN The minimum wave period (seconds)
11 - 20 F10.2 TDELT The increment of wave period
(seconds)
21 - 25 15 IKK The number of times of the
increment
DATA SET NO. 2
CARD NO. 1
1 -5 I5 NSP(1) Selected elevation station
number (nodes), starting
from NSP(1l) to NSP(ISPT)
h =10 15 NSP(2) Fourteen values on each card and
continuing to the next card
as needed
e e
hb = 70 15 NSP(14) B |
DATA SET NO. 3 B
®
1 -5 15 NSPE(1) Selected elevation station : 1
number (element), starting -
from NSPE(1) to NSPE(ISPTE) g
6 - 10 i5 NSPE(2) Fourteen values on each card and ]
continuing to the next card
as needed
70
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Variable Name Description

71 - 80

71 - 80

T AL R

. .t . .
PRI o il S S VA

F10..

F10.2

F10.2

F10.2

F10.2

F10.2

NSPE(14)

DATA SET NO. 4
CARD NO. 1

X(1) x-coordinate at each nodal peint,
starting from X(1) to
X(NNOD)

X(2) Eight values on each card and
continuing to the next card
as needed

X(8)

DATA SET NO. 5
CARD NO. |

Y(1) v-coordinate at each nodal point,
starting from Y(1) to
Y (NNOD)

Y(2) Eight values on each card and
continuing to the next card
as needed

Y(8)
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Col. Format Variable Name Description

DATA SET NO. 6
CARD NO. 1

1 -5 Blanks

6 - 10 15 NCON(1,1) Node number of the first nodal
point of element 1

11 - 15 15 NCON(1,2) Node number of the second nodal
point of element 1

16 - 20 I5 NCON(1,3) Node number of the third nodal

s point of c¢lement |

g 21 - 25 Blanks

1 26 - 30 15 NCON(2,1) Node number of the first nodal
point of element 2, etc.

I 31 - 35 15 NCON(2,2) Nine values on each card, starting

s from NCON(1,1), NCON(1,2),

P and NCON(1,3) to NCON(NELE, 1),
NCON(NELE,2), and NCON(NELE,3),
respectively, continuing to
the next card as needed

56 - 60 I5 NCON(3,3)

DATA SET NO. 7%
CARD NO. 1

1 - 10 F10.2 DD(1) Depth at each nodal point,
starting from DD(1) to
DD(NNOD)

11 - 20 F10.2 DD(2) Eight values on each card and
continuing to the next
card as needed

71 - 80 F10.2 DD(8)

*Note: If IDPC=0, Data Set No. 7 is omitted. Depth of each node should be
specified by user in the program FINITE.

72




LA ot AL SNE S r aRIE ol A Shrh sl Juvlh Sheh DAl N i oouin S JSw et e L ——— T T W= T T 3~ % — E— — % — . — = — - -

Procedure to Run Program FINITE

49. To set the correct values for the parameter statements in program
FINITE, the following procedure should be followed.

a. Sign on the Cybernet Computer System
Telephone No. 2047 for 300 Baud
Telephone No. 2030 for 1200 Baud

b. Type in
GET,FINITE/UN=CEROMQO
SAVE,FINITE

c. Use XEDIT to set correct values for the parameters in the
parameter statements
Tyvpe in
OLD,FINITE
XEDIT

[§=3

Locate the first parameter statement
Type in
L/PARAMETER/
The system will respond with
PARAMETER(NNOD=35,NELE=48 ,NODR=9,NCS=7,ISPT=35,1SPTE=48)

e. Change old values in the parameter statement to desired values

Tvpe in

C/NNOD=35,NELE=48,NODR=9/NNOD=new value,NELE=new value,NODR=new
value/

C/NCS=7,1SPT=35,1SPTE=48/NCS=new value,ISPT=new value,ISPTE=new
value/

f. Locate the second parameter statement
Type in
N1
The system will respond with
PARAMETER(NSYSK=1394,NSYTP=772 ,NSTMP=84)

g. Change the values in parameter statement to desired values
Type in
C/NSYSK=1394,NSYTP=772/NSYSK=new value,NSYTP=new value/
C/NSTMP=84/NSTMP=new value/

h. Replace program file FINITE by editted version
Type in
E,,RL

50. Establish an "AFFILE" on the CYBER 205 System. An "AFFILE" enables
the Corps of Engineers (KOE) user to transmit files from KOE to the CYBER 205,
and vise versa.

a. Type in
GET,AFJCL/UN=CEROMO
SAVE,AFJCL
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Use XEDIT to make necessary changes
Tvpe in

OLD,AFJCL

XEDIT

Replace 205USER with actual user's ID of the CYBER 205
Type in
C/205USER/USER'S 205 1D/

Replace all PASSWORDS with the actual user's PASSWORD
Type in
C/PASSWORD/ACTUAL USER'S PASSWORD/*

Replace all KOEUSER with actual user's ID of the KOE

Type in

T

This command will bring the pointer to the top of the file
Type in

C/KOEUSER/ACTUAL KOE USER'S ID/*

Replace file AFJCL with the edited version

Type in

E,,RL

To execute file AFJCL
Type in
GET, ADYJOB/UN=CATHDDC
BEGIN, ,ADYJOB,AFJCL
The system will respond with
ALL DONE. USER JOB NAME IS COEXXXX
status of the job can then be tracked by using "LINK,ENQUIRE." When

output will return to the users QGET queue and can be

accessed by using the "QLIST" command.)
51. Establish file "QLIST", which enables the KOF users to retrieve
CYBER 205 dayfiles and outputs.

4

A

P

o |

9

SRS

R
o

‘

a. Type in e
GET,QLIST/UN=CEROMO O e e
SAVE,QLIST - 4

b. Use XEDIT to make necessary changes -
Type in
OLD,QLIST
XEDIT

c. Replace old UID with new UID
Type in S
C/UID=HASH/UID=XXXX/ o
(XXXX is the user’s index hash. It can be obtained from "ENQUIRE(B)." SO
XXXX are the first four characters of the job name that the svstem RIS
assigned to the user.) f:f;‘q

d. Replace KOEUSER with user's ID *
Type in ESTSIN
C/KOEUSER/USER'S 1D/ RVPIRAR

o =Y
- ji
._ 1
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Replace old header with user's header
Type 1in

C/HEADERI1/USER'S HEADER/
C/HEADER2/USER'S HEADER/
C/HEADER3/USER'S HEADER/

|

{
.

Replace file QLIST with the edited version
Type in
E,,RL
52. Create an Update Library
a. Type in
GET,FINUP1/UN=CEROMO
BEGIN,RUNF,FINUPI
The svstem will respond with
15.56.20 SUBMIT COMPLETE. JOB NAME 1S AJZZXXX
b. Check davfile
Type in
OLD,DAY1
LIST

53. Establish an Update Correction File

a. Tvpe in
GET,FINDIR/UN=CEROMO
SAVE,FINDIR

b. Use XEDIT to make necessary changes and replace the file FINDIR
with the edited version

54. Run program FINITE with Update Correction File FINDIR (Figure 29).

a. Type in
GET,FINI/UN=CEROMO
SAVE,FINI
b. Use XEDIT to make necessary changes
~  Type in
OLD,FINI
XEDIT
¢. Replace 205USER with the CYBER 205 user's ID
- Tvpe in
C/205USER/CYBER 205 USER'S 1D/
d. Replace PASSWORD with user's PASSWORD
- Type in
C/PASSWORD/USLR'S PASSWORD/
e. Replace all KOEI'SER with user's KOE USER ID
Tvpe in
C/KOEUSER/USER'S KOE USER 1ID/*
£. Change data file name (optional)*

Tvpe in
C/FINDATI/NEW FILE NAME/
C/¥INDAT/NEW TILE NAME/

(*Sec Note, page 83)
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QLD FINDIR -

®
/LIST
*IDENT FARAIS
D KAIN,2

FROGRAM FINIT(TAFEA-TAFEAsTAFEB TAFF8s0UTFUTs TAFE&QUTFUT,
kD AAIN.3 AL, 4 i
ITAFED. TAFES» TAFELL TAFELLrTAFEL12:=TAFEL2, !
ATAFEL3 TAFEL3»TAFELA-TAFELAPTAPELT:TAFELS) - B
w0 HALIL. 6 ®
cce SAMFLE FROBLEM
0 HAIN.8 )
IR 2222223323282 8222231222333 3822233882223 28 282823t t2282822e s
0 MAIN.14
S 1332008202333 223232823332321331332272123232212322tstt11111t1%311}
D MAlN.13
NEQT: TOTAL NO. OF SI¥. LIN. EQS. :* RROD4NCS
INK - TOTAL MO. OF CASAS TO BE COMFUTED
ISFT= TOTAL NO. OF SFELECTD ELEVATION STATION W1TH RESHFECT TO NWODES
ISFTE- TOTAL NO. OF SELECTED ELEVATIOR STATIOR WITH RESFECT TO ELEMENTS
X - WAVE PERIOD
SYSQsSTHF1ATIAF HAVE DIMENSION OF NEQT.
X¢'/sNOU HAVE DIMENSION OF MNOD,
XJrXYrXHsHD HAVE DIKENSION OF NCS.
ANGL SN HAVE DIMENSION OF NODR.
BDsV+U»YCH)NCON HAVE DIMENSION OF NELE,
NK AND Z HAVE THE DIENRSION OF THE ND. DF THE NODAL FOJINTS JN EACH CELL L
NSF HAS THE DIMENSION OF 1PST
NSFE HAS THE DIMENSION OF IFSTE
IPER HAS THE DIMEMSION OF S
XX HAS THE DINENSIOR OF IKK
AP HAS THE DIMENSIONM OF ISFT+1
SYSK HAS THE DIKENSION OF NLGLXRBARDX2+50
SYTF AND' FTEKF HAVE DIKEHSIOR OF RLGLXKEAND+100
MUMELK -MEQT*NEAND/ IBLKLEH+1 ®
NLG = NEQV/HUMELK
MLGL = MEQT-(MUMNELK - 1)¥MLG
NSTHF - NLG+NLGL
I MAIM.18sMAIN.21

Ak boitom e

P SO TY

T Y T

PTG VS

—————l

O®*OO0O0O0OOC0OO0ODOOONODO0O0O0O0OD0O0000

FARAMETER (KHOD-35yNELE 4BsNOIR-9sNCS =75 ISFT-235s ISFTE=48)
FARANETER(NSYEK. 1394+ RSYTF:=7272/NSTHUF=84)
DIAEHSTON CCHMOD) » C (MMOD) ) MOD CHHOD ) » XJCHCS ) »
XY (HCS) s XH(NCS) » DHC(HCS) + ANGL (HODK) s SH(KODK) f NSF(100) s IFER(S)
DIMENSION IDC20) 9y NSFEC(100)
DIMEMSION Z2(3)
%D KAIN.22sMAIN, 24
COiiI0N/L1/SYSK(NSTSK)
CONKON/L2/SYSR(NSTHF)
COMi10i/L3/STHF (NSTNF)
COMMOR/LA/UD(NELE
COIHON/LS/AT (NNOD4NCE)
! COMMOM/LS/AF CMNGUHNCS)
. CONBON/L?/SYTF (NSTIF)
COHLNON/LY/UINELE) s W(HELE) y YCANELE)
{ COIMOM/LS/MCOII GIELE 5 3)
DIMENSION FTENF(NSVTF)
kD BATIHL 25,001,023 T
DIHENSION VJ(100)»UYi100) ®
DINENSION NR(3) - .4
DINERSION AF(100)
$D HAIN. 32
*UOKAIN, 3T MAIN, 37

caa

T

Figure 29. Program FINDIR, update correction file for program FINITE IR
(Sheet 1 of 7) ‘ S
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READ (8,2) ID
0 HAIM, 41
READ(B»T430) REARD)IFRIRR/ALFHA»DH e IBLRKLEN
5433 FORMAT(2IG»F10,2:F10.5sF10.2,116)
¥D UAIM.A2
*1 MAIN,AS
WRITE(S7403) NUKBLK
403 FORMAT(1Xs "MUNELK /»18)
£D MAIN. 4B
Gi=1,
READCB»30T)IFC, IFUAX» IDFCrIUCHs IRUGAs IBUGGs TBUGL.+ TDISPy
1ICIRC,NC
305 FORMAT(1013)
IFCICIRC.ME.1)GO TO 3010
C FOR CIRCULAR REGION RCS2::(KCS+1)/2 = YOTAL NO. OF COEFF. TN RAD. NOMNAIN
NCS2 :(MCS+1)/2
NCK2- 2aNCE2
IF(HCK2.NE.NCS) GO TO 3010
WRITE(S:877)
877 FORMAT(1X,33HNCS WUST BE ODD FOR CIRCULAR GRID)
STYOF
3010 IF(IFR.EQ.0)GD TD 876
876 COMTIMNUE
2D MAIN.T4
IF (NLGGANBANDI.LE.NSYSK) GO TO 5432
¥D HAIN.S8
NNELE- NELE
NNNOD=NMOD
NNODR- NODR
NNCS:=:NCS
WRITE(S912) NNELE/NNNODsNRODRsRNCSsREQT»ALFHAYDA2+DAAsRK:D1,DM
kI HAIM.72
WRITE(6,201Q)
¥D MAIM.73
2D MAIN.?S
WRITE(692014) NUNEBLKsRNLGsHLGLs IKLKLEN s IFR ¢ NEAKRD
IF(MLG.GE.NEAND) GO TO #78
WRITE(46,879)
879 FORMAT (1Xs30HNLG MUST RE GREATER THAR HREAND)
STQF
878 CONTINUE
¥D HAIM.78
READN(B»300) THINsTHELTrIKK
*0 MAIN.SO
WRITEC(AHr300)THINsTOELT s IRK
*D MAIN.81
300 FORMAT(2F10.2:13)
x1 HaIM,.82
IF(IKK.EQ.3) GO TO 321
¥I HAIM.BS
321 CONTINUE
D MAIM.87siNIN.B9
IFCICIRCLEQ. L) DA2 -2 . %FAI/NODR
IFCICIRCLEQ.1) DInA-DR2/2,
0 MATH.QO/MALH .93
IFC(IFC.EQ.O0) GO TO 3000
READN(Br306) (NSF(JYyJ:-1 s ISFT)
READ(B»306) (NEFE(I)vJ 14I3FTE)

c LEVEL 2,UsV)YC .
c LEVEL 2+NCON» DDy AFsAT
XD MAIN.94 R
306 FOREAT(111%) SRR
I 1AIN.100 AP
T=XK(IK) g
G 32,2 1
IF(IDISFLEG.OY GO TO 77 L 1

Figure 29. (Sheet 2 of 7)
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kD

xD

L 30

*D

D

*D
XD

L B¢
c
c
3D

78 TM=C*WK*TANH (WK*DM)
T1 -SORT(TH)
T2: 2. ¥FA1/THL
TI=XK(IK)-T2
T4 :ABS(T)
IF(TA.LE.O0,01) GO TO 76
DK ~2 ¢FAT4TI/Z(ONRLIRIRXKN (IR ESART(GALIM) )
WK -WA+ DK
GO TO 78
76 YR LSECL 2 RURKEDN/STINHIZ, kWKEIND))
D1 (OXNRAFFATXRFAL) /(TR TRGAWKAWK)
WRITEC(es74) D1
74 FORNMAT(//925% s AAHDISFERSION IRNCLUDED. D1 REFLACED EBY C%CG/G -»F10,
12)
77 CONTINUE
HAIN.101
73 FORMAT(//»25Xs2AHUAVE FERIOD IN SECORDS ~¢F10.25s24XsFHWAVE NO =)E
112.5+/7)
MAIN.1029MAIN,.103
NIN.106
1 RELEsNNODyHODR s RCS I NEQT o NEANDNCS2s LD s IDFCs DAs IDCHy IBISF)
MaIM.112
1sRLG» IDFCr IBUGN» LMy IDISF»T)
HAIN.118
1 HELE/NNOD RODRINCSNERT/NEARDIRECS2, RODR1 s VI VY RLGL s TRUGGs ICIRC)
HAIM.124
1y RELE»RNODyROURs NCSsNEQT s REAND s RCS2s RODR1 s IRUGL s ICIRC)
MAIN.131»MNAIN.138
KAIN+ 143
IF(ICIRC.NE.1) AF(I)-=fAF(IN/2.
HAIMN. 191 .
WRITE(&+37) (IsAF(I)eAT(I)e1-2sRROI)
37 FORUAT(L(IG2F7.2))
KAIN,197

260 Z(L)=AF(N)

X1
| 31

L 3¢}

KAIN.212
JP. -1
MAIN.213
JF- JF42
MAIM.218rUAIN.219
WRITECG 1252 JeAF L) s ATL D) r 1 AF 1) b0 TEIY)

501 JFP -JP+1

L 34]

AF(JF)Y AF(J)
IF(II.GY.ISFT) GO 10 323
AF(JFF)=AF(J1)

ATl 221

S03 WRITE(6924) JrAF (D) AT (D)

L B

*D

L34
L34

*D

X0

(30

HAT. 222
IF(MC.EQ.0) GO TO 103
WRITE(6,101)

101 FORMATC(AH [LCy

103 URITE(4,201)

201 FORKAT'//)

WRITE(4,200) (AFCIT)fI1-10ISFT)

200 FORMAT(LIIFS.2)

MATN.222

302 CONTINMUE

HATW, 224y M1, 234
HAIN. 220 ,MaTH, 241
WRITECS»2T) TP DT ILeAFCTIT) o nTCTIL)
HATH,. 243
417 WRITE(6+24) 1srF (I TCI)
AT 245, MAT, 205
222 FORNAT(3CIS N e3ELD T 1))
MATM, 23
IF(NC.EQ.C) GO TD 1G4

Figure 29. (Sheet 3 of 7)
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WRITE (6,102)
102 FORMAT(AH CCL)
104 IF(IFC.EQ.O0) GO TO 99
D MAIN.278,AIN.280
1D KAIN.282MAIN.28S
24 FORMAT(1X,15,2E12.5)
2% FORMAT(LX»2(ICIEL12,3s2sEL2.5))

c IF(IFNAX NE.Q) CALL CFUNCH(NOLFT s IFUAXsAFsUrVyNRODRELE«REQT ¢ XKy IKy
c 1MSPs ISFT/IPER»ID,IFCsMSFEISFTEYIKT)
%D INFT.3

1sNELEyNNOD»NODRyRCSyNEQT f REAND s NCS2 D0y IDFCs Didr IDCHs IDTSF)
xI INPT.8
c LEVEL 2sNCONHsDD
*D INPT.16,IMFT.37
REND(4:200) ()(1):I:1sRROD)
READ(4,200) (Y(I)sI=:1,HNOD)
200 FORMAT(BF10.2)
DO 1000 I=1,MMOU
X(I)=X(I)%x.1110
1000 Y(ID:Y(I)%,1110
D0 647 I-105S.NNOD
II-1-NODE1+1
IF(I.LT.1100) AAD--(1-1055)%DA24.5%DA2
IF(I.GE.1100) AAD=(11-1)%DA2
RS=160000.
IF(I.LT.1100) RS=140000.
X(I):=RSXCOS{AAD+ANGG)
Y(1)=-RSESIN(AAD+ANGG)
647 CONTIHUE
101 FORMAT(3(SX:¢310))
READICA»101) ((NCON(I+J)rJ1s3) 21 1sNELE)
D0 83 I-21,NELE
83 DO(I)=6.,%DD¢I)
CALL GDEFTH(IDFC,DDsNROD»HODB2sRELE, IDCH)
IFC(IDBCH.EQ.L) GO TO 430
GO TO 450
430 FRINT 316 (I (I)sY (1)1 1sNNOD)
D0 440 I=1,MELE
FRINT 420y Is(NCON(IsJd)rJ:193)
440 CONTIMNUE
314 FORMAT(2(I10,2F10.2))
420 FORMAT(1Xs6(ITs1%s315))
430 IF(IDISF.GT.D) GO Q0 70
IF(IDFC.NE.Q) GO TG 400
¥I INFT.38
ppCD)=nh(I) /DM
xD IMFT.445IN~T, 48
70 CORTINUE
kDl INFT.A9
416 FORNAT(A(AX941S))
D INFT,30
IFCIDCH.EQ.1) FRINT A41éy (Lo (RCONCLsS)¢J=1+3)rL21sRELE)
xI DEFTH.?
c LEVEL 20D
1 DEFTH.?
00 10 I-1:HELE
10 BodIN-0.,29
¥ DEFTH.10+yDIEFPTH.40
kD DEFTH.AS,LEFTH,46
1000 FREAD(A,980) (DDCI) I :1yWRODID
980 FORMAT(8F10.2)
IFCIDCHLEQ.LFRINT 2010y (DDC(IDrI:1sNNODD
xl UEFTH.A7
1 BAND.A4
C LEYEL 2,MCON
x[ ASBEK.S

o000 OOO000

[x N o]

Figure 29. (Sheet 4 of 7)

79

- L A P . -
R T T L L LR - I L R - -
- . P R . N .

St L. TR P S N Y
PRI P I VL S Ul Sl W W Sl B W WP Soll

AR, PP -

PP LI S W W1




—~ —y - T~~~ . e wm v ey w e =,
P ot v -y et Bels e S Susd Mauier Inaud } LANE B i S Tt S i S X | .
- S SN A [t A Pt 4 - N R

1,NLGG, IDPC, IBUG,DM, IDISP,T)
$D ASBHK.,21

[ LEVEL 2¢SYSK»SYSQsSTINCON:DD
*D ASEBK .73
c IF(L.GE.1435,ANDLL.LE.1371)D9-0.5
¥D ASEK.B80
CALL ELNK(X1sX2e%3sY1 Y29 Y3 s WKsD9sDINIELKs AREArL s NELEIsDHs IDISF,T)
¥l ASHEIK.B84

1050 DD 20 I-1+3
%I ASEX.106
L4 IQ+9
XD ASEX.113
999 WRITE(&+777)
D GSFK.3
1sNELE s NNOL'» NOUR s RCS o NEQT s REAND s NCS2 ¢ NOIR1 sV Js VY s NLGG s IBUGs ICIRC)
XD GSFK.14
¥ GSFK.12
1+ ARGL(NODR)
*I GSFK.22
CALL BESSY(WRrO.sNCSrVJsrVUY)
NDUM-=HCS
IFCICIRC.ER.1) NIUM:=NCS2
1F(IBUG.ED.0) GO 1O 13
WRITE(4521)
21 FORMAT(//91X%9 X35’ s10Xs XY ")
*¥D GSFK.23
13 DO 12 I:+1,NDUM
*xD GSFK.23sGSFK.26
*¥1 GSFK.31
IF(IBUG.ER.0) GO TO 14
WRITE(46122)
22 FORMAT(//31%y* XH="910%s ‘IH=")
¥D GSFK.32
14 00 135 I-:1;RDUM
xD GSFK.43
20 FORMAT(9H GSFK BY=,4E15.8)
%It GSFK.30
DO 38 I::14HCS
ITI-1/2+1
x1 GSPK.S5S
ICE:I
IFC(ICIRC.EQ.1) ICE=I11
IFCICIRC.EQ.1) CX:=2,%XCX
XD GSPK.36
SYSK(I1r1)=SVSK(I1,1)+CNERKHF¥XH(ICE)XDH(ICE)
X1 GSPK.40
CT:=1.
IFCICIRC.EQ.1) CT+2,
ND-NOUR1
IFCICIRC.EQ.1) ND=NODR
0 GSFK.41
0O 40 I:1¢ND
¥1 GSFK.49
IF(I1.EQ.,0.ANDLICIRCL.EQ.1) I1 NODR
xI GSFiN.71
IF(ICIRC.EQR.1) GO TO 935
GO TO 936
935 J2=4/2
J1:J2+1
Al: ANGLCI) ¥ J2
AZ: ANGL(I1)kJ2
734 COMTIHUE
¥D G3FK,74
TH=CTAHKLADH(1) - 1
IF(ICIRC.ER.1 GO TO 46 f
4

®
*1 GSFi,77
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IF (ICIRC .EQ. 1) GO TO 937
GO TO 938

937 IF(KOD(J»2).EQ.1) GO TO 44
TH - HKLXDHC(J1)X(COS(A2)+COSCAL))

GO TO 46
938 CONTINUE
¥l GSFK.88
GO TO 46
44 TU=HKLEDH(IDIR(STHIA2I+SIN(ALY)
¥D GSPK.91
*D GSFK.97
= WRITE(A51018) (SVEN(I41)¢SYSK(Is+2)s1:21sHLGG)

¥D GSFK.?8
C1018 FORMAT(1X»4G14.5)
¥D GSPK.100

2000 WRITE(62999)

¥D GSPK.103

1931 WRITE(&913520) RLLL
XD LOAD.2

1/ RELS, NNODsRODRsRCS)y REQT y REAND s NCS25 RODR1 s IRUGs ICIRC)
¥D LOAD.9

DIMENSION SH(NODR)sSYSR(NEQT) sDH(NCS) s XJ(RES) s ANGL (RODR)

%D LOAD.10

*I LOAD.1S
NDUM= RODR1
IF(ICIRC.EQ.1) NDUM-NODR

%D LOAD.14
DO 12 I1-1+NDUM

%1 LOAD.23
IFCICIRC.EQ.1) DUH2: (0,0+0.0)

%1 LOAD.31
IF(ICIRC.EQ.1) GO TD 52

I LOAD.33

52 CORTINVE

xI LOAD.34
IF(I1.EQ.0.AND,ICIKC.EQ.1) I1:NODR

%I LOAD.49
IF(ICIRC.EQ.1) II-1/2 -
1J-11+1 e rererid

%1 LOAD.St ®
IF(ICIRC.EQ.1) 6O TO 555 =T
G0 TO 556 :

555 IF(I.EQ.1) GO TO 557

IF(MOD(I»2).EQ.1) GO TO 18
TH-CMRXJCIIIKDH(TJ) %COS(AT) e
GO TO 20 o

857 ThH=XJ(1)XDH(1) - o

60 TO 20 "o i

18 TE=CHMAXJ (I KDHCI D NSINCAT) . 1
GO TO 20 :

356 CONTINUE
¥1 LOAD.32
20 CONTINUE
¥D ELMT.3
INELE3 DM IDISFT)
¥I ELMT.2S

c WRITE(62500) YN1sX21X3¢Y1,Y25Y3 o 1

x1 ELMT.30 )
XK1 WK/ SART (DN -
IFCIDISF.MNE.1) GO 10 300 : .-
XK1:=XK1kSQRT (DM) :
PL 23,1416

150 TH=GEXKIXTANH(XKLxt)
TL-:SORT(Ti1)
T2:2,%FI/T1
T3=7-12
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T4=ABS (T-T2) o
IF(TA.LE..O1) GO T8 200
DK=-2, %P I1£T3/(TXTKSQRT (GXD))
XK1::XK14DK
GO TO 150
200 CONTINUE o
XN= GK(1.42.6XK1  SD/SINH(2, KXK1%D)) - ]
XD= (XNKA SPIEFI) /(TETXGAXKIEXK]) o
GO TO 400 ]
300 Xp=D ]
400 CONTINUE B
*D ELMT.31,ELNT.33 T
WKA=DINEXK1EXK1KAREA/12, S
SAV.-D SRR
D=XD ST
#D ELHT.43 ®
L=SAV
$1 BESY.11
FN=N Do
xD BESY.80 L
GAN3: -GANIKGAN2 g

bttt

*xD BESJ.38
S F(I)=CONSTE(FLI+FNUISF(I4+1)-F(142) »
*D BESJ.74 @
21 F(L)=CONST¥FRACKF(L-1)~-F(L-2)

%D BESJ.202 S
114 F(I)=CONSTE(FNU4FLINXF(I-1)~F(I-2) -
sD GAMA.G3s,GANA.S6 -

XFT=EXP(TEM)/XFT -
ANSHXFT .
GO TO 6000 ]
%. 4000 SUMN=0.0 P
X1 BANDS.S o
DIMENSION R(100s100)¢R(100:100)1KL(100) KL (100) . 1
%D BAMDS.7 RN
2D BARDS.A4 S
IF (REALCACNILY)Y) 230,275,230 AT
0 BAMDS.62
E(HsHI=ACNIK)
127 COMTIMUE
I BANDS.74
ACNKINB) “B(N)
450 CONTIMUE
*D BANDS.8S
A(NsH)Y=F(NsM)
136 COMTIMUE
0 BANDS.93
DIK)=A(NMYNE)
600 CONTIMUE n :
I BANDS.96 , )
444 WRITE(496686)N RN
%0 BANDS.101,BANDS.102 S
999 WRITEC(Ss998) A(NI1)sNINB S
998 FORKAT(13H DIAG TROUELE »5%,2613.5:215) I
%D FILL.17 -
WRITE(&1666)N .
*D FILL.S ®
DIMENSION Q¢100/100)+R(100:100) rNL(100)sHL(100) 1
*D ECUR .4 ) -
4D ECWR.7+ECUR.9 a -
BUFFER OUT(L1+0)(S(1)+S(L2)) SR
IF(UHIT(L1))10,20,30
30 WRITE(&,40) ‘
40 FORNAT(1X,’FARITY ERROR’) :
20 [ERR=1 o
10 RETURN e
*D ECRD.4 ST
%0 ECRD.7+ECRD.9 o
BUFFER IN(L1,0)(S(1),8(L2)) e
IF C(UMIT(L1))10,20,30 A
30 WRITE(6140) R
40 FORMAT(1X)y 'FPARITY ERROR’) ®
20 IERD=1 .
10 RETURN
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(*Note: File FINDAT1 contains Data Set No. 1 through Data Set No. 3. File
FINDAT contains Data Set No. 4 through Data Set No. 7. File FINDAT can be ob-
tained at the completion of the run of the plotting program FNGRID. If that
is the case, the new file name replacing FINDAT should correspond with the
file name that was used to save TAPE10 in the procedure file PLOTF.)

8. Replace file FINI with the edited version

Type in
E,,RL
h. To execute file FINI
Type in
SUBMIT,FINI
i. To check job status
Type in
LINK,ENQUIRE,PD=MODD, PT=HHMM
(PD=MODD, where MO is the month from 01 to 12, and DD is the
date from 01 to 31. PT=HHMM, where HH is the hour from
01 to 24, and MM is the minute from 01 to 60. Example:
To generate status information for a job received since
9:00 a.m. on 31 May, type in
LINK,ENQUIRE,PD=0531,PT=0900
The last three characters of the run JOB NAME will not stay
the same as in initiated job names. The system assigns
different names at different stages that transmit a job
from KOE to CYBER 205, or vice versa. If the job output
is available at KOE, then continue to the next step.) R
j. To execute "QLIST" o]
Type in T e
OLD,QLIST T
BEGIN, ,QLIST,XXX,LSV,DSV USRS
(where XXX are the last three characters of the job name that ISR
appeared in the statement '""JOB NAME IS IN USER QGET QUEUE." .;fnj-&{
LSV causes the output to be saved with file name HASHXXX. TR
DSV causes the dayfile to be saved with file name DAYXXX. "_*irmhj
k. To list output and dayfile on the user's terminal :
Type in -
OLD,FILE NAME o
LIST o~
1. To direct output and dayfile to a fast printer at COPE terminal ' ® 3
Type in i ]
GET,LFN=FILE NAME R
ROUTE,LFN,DC=PR,UN=COPE USER'S ID ERRRNN
(where LFN is the local file name, and FILE NAME is the ,1'.'}
permanent file name) -5-17}}
. -
A Sample Application S
55. In this sample application to demonstrate the execution of program }‘Tffitj
LN
83
®
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FINITE on the CYBER 205 COMPUTER SYSTEM, the values of the parameters in the -
parameter statements stay unchanged. '
a. Obtain the source file FINITE S
Type 1n :
GET,FINITE/UN=CEROMO o
/SAVE ,FINITE °

b. Establish AFFILE "AF205" on CYBER 205
1. To execute file AFJCL

GETsAF JCL/UN=CEROMO

/SAVE s AF JCL

/0LDy AF JCL

/XEDIT

, XEDIT 3.1.00

¢ 77 C/20SUSER/052010/

g USER(U=052010sFf- FASSWORD)

?: ?? C/FASSWORD/IODINE /X
USER(U-052010,FA-100INE)

--EOR--

USER (KOEUSER » IO IRE s KOE)

EMD OF FILE

77 T

?? C/KOEUSER/CEROMB/X

CHARGE (CEROEGC s CEROMB)

--EOR--

USER(CERONBs IONINE » KOE)

CHARGE (CEROEGC s CERONB)

END OF FILE

77 EvsRL

AFJCL  REFLACED

AFJCL IS A LOCAL FILE

AEE 0.257UNTS,

/GETyADY JOE/UN=CATHIIC

/EEGIN» s ADYJOE s AFJCL

ALL DOME., USER JOE NAME IS COEA4A2%9
$REVERT,
z

2. Use "LINK,ENQUIRE" to check job status

LINNSENOJUIKRE s UN=CCE42S
STATUS FOR CERONE /KHOE

DATE TIHE USER SYSTEN FILE FILE ’g-.\-_i'.L_'
M Lle HHMM JOE NANE  JOK HAME  TYFE  STATUS
.Y
0522 1020 COEAZ9 122305 KO FOUTING IRITIATED TO NAA 1

G522 12724 COEAD2? SENDLGT 10 ARRIVED AT ALY °
QTI2 12407 CCEAC9 ruUun 00 N0 ARRIVED AT RKNA ~1
0522 1245 COEA4A29 rULALROD 10 AUUALCO LIMIIRG TO ADY :
Q0522 12446 CLEAZS ~JZ2Z2L0T wT DUTFUT AVUAILAKLE £1 KOE/T A _.’
LIMK CC.OFLETE. .
/ o "9
ST

®
) b
Woe d
..' :..‘

@
N
R

e a ek a a A A O AR ARSI et




3. Use "QLIST" to access the output

OLL,OLIST
/ZHEGINs»QLIST,LQT
11.24.47 RESOURCE(JCAT:-Fé6,TL=200)
11.14,49 CHARGE» CEROEGCsCERONMB
11.44.,49 ALL BOHE
11.,44,49 TV410+,
11,44.49 FURGE(AF205)
11.44.50 ALL DONE
11.04.50 TVr a4,
11.44,50 COFY+INFUT,AF203.,
11.44.51 9 WORDS OF FILE IRPUT COFIED TO FILE AF2035
11.44,.31 ALL DOME
11.44,51 DEFIRE.AF203.,
11.,44,51 EXISTING LOCAL FILE MADE PERMAMENT
11.44,51 ALL DONE

11,414,351 CHARGE»CEROQEGC ,CEROHMB 3.982 SBUS
11.44,51 SYSTEM BILLING URITS (SBU) 3.982
11.44,51 USER CPU TIHE (SECS) 194
11.44,51 SYSTEM CPU TIME (SECS) 693
i1.44,51 USER HEMORY USAGE (PAGE®SECS) 18.731
11.44,51 USER NVERAGE WORKING SET SIZE (FAGES) 96
11.44,.51 NUHRER OF VIRTUAL SYSTEM REQUESTS 235
11.44,51 HUKBER OF SHALL FAGE FAULTS 73
11.44,51 NUKBER OF RISK 1/0 REQUESTS 11
11.,44,51 RUWBER '‘OF DISK SECTORS TRANWSFERRED 11
11,444,351 $SCOMPLETESS

END OF FILE

/

c. Establish the file "QLIST"

GET»QLIST/UN=CEROMO
/SAVEQLIST
/0L, OLIST
JXEDIT
XEDIT 3.1.00
Tzkgé?gfyg?fgiéystfﬂleDSVuR/YvDSP=N/YlethJZZ:UNrUSERNUH,nUNw”HENDUC-
T;RgéeztﬁggTéggfggst/YuUSV=N/Y:USP=N/Y-UID=AJZZ:UN~CER0HB:0UNHCHENUDC:
77 C/HEADER1/LUCYCHOU/
H1: LUCYCHOU»H2-HEADER2 s H3<HEADER3.,
77 C/HEALER?2/CERC/
H1:-LUCYCHOUsH2: CERC1H3-HENDERS,
77 C/MEADER3/WES/
H1=LUCYCHOUsH2-CERCsH3=WES.,
7?7 EreRL
~ QLIST  REFLACED -
- QLIST IS & LOCAL FILE
- AEE v 0.254UNTS,
- /
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d. Create an Update Library '

b GET»FINUF1/UN=CEROMO
/SAVE,FINUF1
/BEGIN»RUNF»FINUF1

B 15.56.41. SUEMIT COMFLETE. JOENAME 1S AJZZFOT
$REVERT.CCL - 4
k] /ENQUIRE, JN=FOT e
: AJZZFOT NOT FOURD. o
- /0LD,DAY1 R
o /LIST RORS
x 15.56.41 . FINIJOE,CM320000:F6. ST
q 15.56.410“BF ] INPUT 1 0.00EKIDDBrOIo ;i,ufi
jl 15.56.41 USER,CEROM8y »KUE " °
15.56.41.,AEG o+ Fé, i
15.56.42.CHARGE sCEROEGC»CERONMB.,

15056043OGET'FINITEO

15.56.44, UFDATE(I=FINITEsN=LIBLO)
15.56.44 . UFDATE CREATION KUN

15.56.44 ,CREATING NEW FROGRAK LIBRARY

15.56+46, UFDATE COMPLETE.
15.56.46.8AUE:LIBLC“LIBLC.
50560470DAYFILE!UAY10

/

e. Establish an Update Correction File "FINDIR". (In the sample
run, file FINDIR is used without change.)
Type in
GET,FINDIR/UN=CEROMO
/SAVE,FINDIR
/

f. To execute program FINITE with Update Correction file FINDIR
1. Execute file FINI

GETyFIMI/ZUN=CEFROQNO
/SHVEFINI

JOLDFINI
/XEDIT

XKEDIT 3.1.00

?? C/20GUSER,/052010/
USER(U 052210 FA-PASSWORDIY ALY
?? C/FuSSWORL. IQDINE.S
USER(U=052010sFr IODIHEYADY
?% C/1.OEUSER/CERGHB/ ¥

CHARCE (CERCEGCsCEROMS) " ° ﬁ
GETKOUE »COLFF/LUD-Cé6sUN=CEROMB, 4
LINsEEFLACEC(LIST LIST205/UK CEROMStFMU=KOE: LD Ca&snF CF2035) : :
LI REFLACE CEHMAR=MAF2053/UN=CEROWMB Filz KNE, DD- cc:“F AF253) Ry
LINLsREFLACE(LIST LIST205/UN: CEROHS s FUKOE: D= Cé s SE2IT) x
LIHE sREFLACELF AR MAF205/UN CEROFHS rFI4 :KOL ¢ DD cu,,F S TOT SRR
EMD OF FILE R
?7 EssRL *
FINI FEFLACED REREER
FINI I35 & LOCAL FILE RO
HEE 0.255UNTS, AR
/SUBMIT,FINI T
114,21,02, SUEMIT CONFLETE., JOERAME TS AJIZWAN IRERED
/ 9 p
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. 2. Check job status e :
: LINKsENQUIRE»PD=0531+PT=0100 4
. STATUS FOR CEROKB /KOE h
- DATE TIME  USER SYSTEW FILE FILE : 1
) MDD HHMM JOB NAME J0B MANE TYFE STATUS :
' 0531 1424 COEGSS AJZZNOA RO ROUTIRG IRITIATED TO KAA . b
L 0531 1433 COESSS LUCYGIJ TO ARRIVED A1 ADY ® |
. 0531 1433 COESSS AUUAGIH MO ARRIVEDR AT KAA 1
d 0531 1434 COESSS AUUAGIK  TO AUUAGIH LINKIRG TO ADY ‘
x 0531 1439 COESSS £JZ2ZG1J WY OUTFUT AVAILAELE A1 KOE/T N
- LINK COMPLETE. iy
. / 1
L o
k. 3. To retrieve job output and save it as a permanent file .
’ Type in °®
: OLD,QLIST
/BEGIN, ,QLIST,GIJ,LSV,DSV
4. To route the output to the remote COPE terminal . .
Type in ]
GET,OUTLUCY=AJZZGIJ - 3
/ROUTE ,OUTLUCY ,DC=PR, UN=CERORC e
The system will respond with j
ROUTE COMPLETE T
/ .
5. A lis.ing of the sample application output from the COPE
terminal includes the following:

)

f
A
Add cd

t

‘s
atalale
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PART V: SUMMARY

56. A two-dimensional finite element numerical simulation model (FINITE)
was developed that calculates wave heights under combined refraction and dif-
fraction of both long and short waves approaching structures from any arbi-
trary direction. The wave equation solved governs the propagation of periodic,
small amplitude surface gravity waves over a variable depth seabed of mild
slope. The efficient formulation of the model permits the solution of large
problems with relatively small time and memory storage requirements. A compu-

tational scheme is employed that allows the solution of practical problems

that typically require large computational grids. .fif%ﬁ}
57. Although the model solves an equation that is strictly valid only f AI».J
for mild bathymetric variations, the model can provide reasonable answers for . @

problems where there are rapid depth variations (at much lower cost than re-
quired by three-dimensional models that are appropriate for problems involving i%gfﬂf
rapid depth variations). Comparisons are presented between the finite element :
model calculations and an analytical solution, a two-dimensional numerical ,.“.V )
solution, a three-dimensional numerical solution, and measurements from labora- '
tory studies. Because the finite element FINITE does not provide a mechanism
for energy dissipation, energy loss through wave breaking can be simulated
only by permitting waves to propagate out of the computational region. The

program documentation, user guide, and sample problem output are provided.
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APPENDIX A: NOTATION

a Wave amplitude, ft

A Numerical computational region, dimensionless

Wave amplitude, rt

AI Incident wave amplitude, ft
B Numerical computational region, dimensionless
c Wave phase velocity (g/k tanh l(h)l/2 , ft/sec
c8 Wave group velocity (1/2c¢(1 + G)) , ft/sec
B F(¢) Mathematical functional, dimensionless
S g Gravitational constant, 32.174, ft/sec2
.}; G Computational parameter (2 k h/sinh 2 kh), ft/sec
i h Still-water depth, ft
. Hn Hankel function of the first kind, dimensionless
, i (-1)1/2 , dimensionless
k Wave number, 2n/L , 1/ft
ko Incident wave number, 2n/L° , ft
K Symmetric complex coefficient matrix, dimensionless
Arbitrary wavelength, ft
Lo Incident wavelength, ft
n Unit normal, dimensionless
n, Unit normal to the boundary separating computational regions A and

B , dimensionless

N Number of node points in the finite element discretization,
dimensionless

r Radial variables, ft
T Wave period, sec
u

Two-dimensional velocity vector, ft/sec

a Constant coefficients in Hankel functions, dimensionless
Bn Constant coefficients in Hankel functions, dimensionless
3] Angular variable in polar coordinates, deg

¢ Velocity potential defined by u=9o, ftz/sec

°A Velocity potential in region A , ftzlsec
¢B Velocity potential in region B , ftz/sec
QI Incident wave velocity potential, ftz/sec

Reflected wave velocity potential, ft2/sec




w Angular frequency, 2n/T , 1/sec

v Horizontal gradient operator, dimensionless
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